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PREFACE  TO  THE  SECOND  EDITION. 


Many  important  changes  have  been  made  in  the  present  edition, 
designed  to  adapt  the  work  more  fully  to  the  wants  of  the  higher 
seminaries,  where  mathematical  demonstrations  are  required  of  the 
classes  in  Natural  Philosophy.  With  this  view,  the  two  first  Parts 
haye  been  almost  whoUy  rewritten,  and  upon  a  different  plan  of 
arrangement.  Some  subjects  which  were  perhaps  too  fully  treated 
in  the  first  edition, — as,  for  example.  Crystallography, — ^have  been 
reduced,  while  others  haye  been  expanded  to  meet  the  just  propor- 
tions of  a  harmonious  treatment.  These  remarks  apply  also  to  Part 
Third  (the  Physics  of  Imponderable  Agents),  and  especially  to 
Optics  and  Heat.  In  the  latter  chapter  some  topics  have  been 
omitted  which  are  more  appropriately  treated  in  Chemistry. 

The  mathematical  demonstrations,  while  they  are  designed  to  be 
as  simple  as  possible  consistent  with  exactness,  are  believed  to  be 
as  full  and  rigorous  as  are  dpmandod^  jp^ioetUutions  where  only 
geometric  and  algebr.i!c  methods  are  used;  Analytical  methods 
have  not  been  introduced,  as  the  book  ^sfLS  not  designed  for  the 
comparatively  limited  number  of  ccllef^es  where  the  higher  mathe- 
matics are  employed  in  teaching  IPh^sica.  -  • 

The  questions  at  the  foot  of  i'h'e  pagifo  in  the  first  edition,  have 
been  omitted,  to  gain  space  for  a  considerable  number  of  practical 
problems  (mostly  original,)  designed  to  exercise  the  student  in  the 
application  of  the  principles  and  formulao  found  in  the  text.  To 
aid  in  the  solution  of  these,  and  to  assist  the  teacher  in  the  con- 
struction of  additional  problems,  numerous  physical  Tables  have 
been  added  in  the  Appendix. 

The  plan  of  using  two  kinds  of  type,  resorted  to  in  the  first 
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edition,  has  been  continued  with  more  particuUrity  in  this.  The 
book  is  thus  adapted  to  the  use  of  the  general  reader,  and  to  stu- 
dents who  seek  only  a  knowledge  of  general  principles. 

These  changes  and  additions,  the  author  belicTcs,  entitle  thi* 
edition  more  fully  to  the  encomiums  bestowed  on  the  first  by  mam 
of  the  ablest  physicists  and  most  experienced  teachers  in  thit 
country.  By  the  liberality  of  the  publishers,  numerous  additions 
have  been  made  to  the  wood-cuts,  while  new  designs,  in  numerous 
cases,  replace  those  of  less  beauty  in  the  first  edition. 

The  design  has  been,  in  this  edition,  to  give  to  all  the  depart- 
ments of  physical  science  a  just  proportion  of  space,  in  harmony 
with  the  general  scope  of  the  book.  The  subject  of  Mechanics 
and  Machines  (upon  which  so  many  excellent  special  treatises 
exist)  has,  therefore,  been  condensed  into  a  smaller  proportionate 
space  than  it  usually  occupies  in  American  treatises  on  Natural 
Philosophy;  while  such  fundamental  subjects  as  Motion,  Force, 
Qravitation,  Elasticity,  Tenacity,  and  Strength  of  Materials,  are 
considered  at  more  length. 

The  author  has  freely  availed  himself  of  all  the  sources  of  infor- 
mation within  his  reach.  A  list  of  the  works  chiefly  used  in  the 
preparation  of  this  edition  is  appended — to  which  should  be  added 
the  chief  foreign  journals,  and  transactions  of  learned  societies — 
which  have  been  resorted  to  for  the  original  memoirs  quoted  on  a 
great  variety  of  topics.  He  is  also  particularly  indebted  for  good 
counsel  to  many  scientific  and  personal  friends,  the  influence  of 
whose  criticisms  on  JJm  QioU^on  they^wiU  find  frequently  in 
the  present.  Mor^'OuM  ^Ul'ot^is'^/ftdebted  to  Dr.  M.  C. 
"White,  of  New  Haven,. foj  botfc  in  the 

preparation  of  new  matter ,eti<l  i^^i*p  Hvh'wu  of  the  press. 

He  also  takes  plearai^.fn  ^ig^io  ji|%]iowl^^ 
to  Prof.  C.  H.  PoRTE^->J%ffliMyi>;;^  f 

For  a  final  revision  of  tb^  ahdeta,  asi^*i^«  detedtiDn  of  a  number 
of  errors  which  had  escaped  previous  proof-readers,  the  author 
IB  indebted  to  Mr.  Abthub  W.  Weight,  Assistant  Librarian  of 
Yale  College. 

Fuller  references  have  been  added,  especially  to  American  autho- 
rities ;  and  the  author  hopes  no  apology  is  required  for  the  frequent 
feferenoGs  to  the  American  Journal  of  Science,  which  is  supposed 
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to  be  a  work  accessible  to  all  American  teachers,  while  the  Euro- 
pean jonmals  are  rarely  so;  and  references  to  these  would,  there- 
fore, be  of  little  practical  use  to  the  great  majority  of  readers  of 
such  a  treatise  as  this. 

As  no  table  of  errata  is  given  (all  errors  thus  far  discovered 
being  corrected),  the  author  will  esteem  it  a  great  favor  if  ar- 
person  using  the  book  will  communicate  to  him  direct  any  erron 
of  fact  or  figures  which  may  be  discovered. 

New  Haven,  October  15,  1860. 
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This  hand-book  has  been  prepared  with  a  view  to  give  a  fair  ezposi- 
tioD  of  the  present  condition  of  the  several  departments  of  Physics.  * 
*  *  ♦  *  *  Accuracy  of  statement,  fullness  of  illustration, 
conciseness  of  expression,  and  a  record  of  the  latest  and  most  reliable 
progress  of  science  in  these  departments,  have  been  the  leading  objects 
in  its  preparation. 

Only  those  who  have  attempted  to  harmonize  and  present  in  due 
proportion  the  whole  of  so  yast  a  subject  as  this,  in  a  compendious 
form,  can  fully  appreciate  the  labor  and  difiSculties  which  attend  it. 

Without  claiming  for  the  present  volume  any  credit  more  than 
belongs  to  a  faithful  digest  and  compilation  from  the  best  authorities 
in  modem  science,  it  is  hoped  that  it  will  be  found  suited  to  the  wants 
of  a  large  class  of  both  teachers  and  students.  No  pains  have  been 
wanting  to  secure  accuracy  both  in  fact  and  mechanical  execution. 
The  publishers  have  spared  no  expense  to  illustrnte  the  book  with  a 
profusion  of  wood  cuts.  Many  of  these  are  original  designs,  or  are 
reduced  from  larger  drawings  by  photography — and  others  have  been 
selected  with  care  from  the  best  stardard  authors.  ♦♦♦♦*♦ 
Whenever  it  was  possible,  reference  has  been  had  to  original  memoirs 
in  Journals  and  Transactions,  and  in  this  way  many  errors  current  in 
works  of  inferior  authority  have  been  corrected.  With  but  few  excep- 
tions, references  to  foreign  memoirs  have  been  omitted  in  the  text,  as 
their  insertion  could  profit  only  a  very  small  number  of  readers,  aifd 
might  seem  pedantic.  Not  so  with  respect  to  names  of  discoverers  of 
important  principles  and  phenomena.  A  great  number  of  names  of 
these  will  be  found  in  the  text,  in  their  proper  places,  and  not  unfre- 
quently  the  dates  of  birth,  or  death,  or  both,  are  given. 

Every  teacher  must  have  observed  that  an  abstract  principle  is 
often  fixed  in  the  memory  by  the  power  of  associated  ideas,  when  it  is 
connected  with  a  date  or  item  of  personal  interest,  as  the  attention  is 
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awakened  by  the  dramatic  far  more  than  by  the  didactic.  Hence  it 
has  been  thought  judicious  to  introduce  numerous  important  dates  in 
the  history  of  science. 

**»«•««« 
It  giyes  me  great  pleasure  to  acknowledge  many  obligations  to  Prof. 
Charlks  H.  Porter,  M.  A.,  M.  D.,  of  Albany  (some  years  my  assistant), 
for  his  constant  and  most  important  assistance  in  the  compilation  and 
editing  of  this  book.  Preoccupied  as  my  own  time  has  been,  I  should 
not  at  times  have  found  it  possible  to  proceed  without  his  yaluable 
assistance  and  excellent  judgment.  Dr.  M.  C.  White,  of  this  town,  has 
also  rendered  me  important  aid,  especially  in  Optics,  and  in  the  revi- 
sion of  the  press. 

*»**«««« 


New  Hayek,  Conn.,  Oct.  15,  1858. 
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[The  reader  is  requested  to  insert  the  following  changes  in  their  place.] 
Page  78,  line  36,  for  "velocity"  read  "square  of  the  velocity." 


136.  " 

22,  for 

"the  diameter"  read  "  multiplied  hy  ihe  diameter." 

136.  " 

23.  for 

"the  diameter"  read  "multiplied  by  the  diameter.'* 

181, 

33,  for 

"A=J/— O  OliP  '  read  "  If— A=0-01A«;"  the  unit  of 

rare  being  the  Frenoh  metre. 

200,  «' 

22,  for 

"100  lbs."  read  "  10  lbs.  ' 

"  271, 

45,  for 

**  jV  '        '*  s't     *  major  tone." 

281, 

16,  for 

"  5  feet,  diminijihed  at  high  flood  to  3  inches"  read  "30  fSv 

and  varying  from  5  feet  to  3  inches  thick.*' 

"    290,  " 

30,  for 

"second"  read  "  minute.'* 

"    290,  " 

SI,  for 

"when  the  fall  of  water  is  5  feet  and"  read  "for  1,  2,  m 

4  nodes  respectively." 

..  290, 

32,  dele  "  Repeat  the  caloalations  for  a  fall  of  2  and  4  feet  reipi 

tively.' 

"  421, 

40.  for 

"A'=0  00 18153  '  read  " /f=0  00018158." 

"    488,  " 

28,  for 

"3102"  read  ••3419." 

"   488,  " 

29,  for 

"0-266  :  1=-- 827-437  :  3110"  read  "0-2379  :  1=813-43^ 

3419." 

16,  for 

"  Waters  1W>"  read  "  Water=l-00." 

«•  681, 

4,  for 

"  (1  in.)"  read  "  (01  in.)" 

«•  686. 

12.  for 

"0-044"  read  0-4)014." 

686,  " 

1.3.  for 

••0180  '  read  •'0  006." 

"  686. 

26,  for 

«Ico  0-93"  rend  "Ico  0-9176." 

1»urnin<;  of  a  firo,  and  the  death  of  an  animal,  are  more  truly  pheno- 
mena of  nature  than  those  more  rare  or  alarming  events  to  which  in  a 
vulgar  sense  this  word  is  usually  confined. 
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PHT6ICS  OF  SOLIDS  AND  FLUIDS. 


3.  Law.  Theory,  and  Hypothesis. — In  conducting  an  experiment, 
we  are  taught  to  trace  with  certainty  the  connection  between  different 
phenomena ;  to  classify  effects  of  the  same  kind  and  refer  them  to  their 
common  cause ;  in  fine,  to  deduce  from  many  experiments  the  govern- 
ing principle,  or  law  of  nature^  in  obedience  to  which  they  are  produced, 
and  to  unite  both  facts  and  principles  into  a  theory,  or  comprehensive 
view  of  the  whole  subject.  Such  theories  are  a  fruitful  source  of  new 
experiments  and  new  discoveries. 

The  terms  law,  theoiy,  and  hypothesis  are  often  used  interchangeably, 
and  are  all  designed  to  express  the  various  degrees  of  perfection  attained 
in  any  department  of  human  knowledge,  towards  the  understanding  of 
the  thoughts  of  God  as  expressed  in  the  phenomena  of  the  physical 
world.  An  hypothesis  is  a  guess  or  assumption,  designed  to  aid  further 
investigation,  and  bears  the  same  relation  to  a  theory  or  law  as  the 
scaffolding  bears  to  the  perfect  building.  A  theory  is  the  most  perfect 
expression  of  physical  truth,  and  is  deduced  from  both  laws  and  prin- 
ciples  that  have  been  established  on  independent  testimony. 

That  a  theory  should  rise  to  the  highest  expression  of  the  laws  of 
nature,  it  must  account  not  only  for  all  known  phenomena  falling 
under  it,  but  for  all  possible  cases  with  their  irregularities  and  varia- 
tions. Thus  the  law  of  gravitation,  as  developed  by  Newton  from 
terrestrial  phenomena,  has  been  found  strictly  universal  in  its  applica- 
tion ;  not  only  meeting  all  known  facts  in  celestial  mechanics,  but, 
outstripping  observation,  it  has  foretold  events  which  have  been  subse- 
quently confirmed,  or  which  it  still  requires  centuries  of  years  to 
verify. 

4.  Indactive  Philosophy. — ^When  individual  experience  is  en- 
larged by  the  experience  of  other  inquirers  and  other  times,  and  the 
combined  knowledge  of  many  is  so  arranged  as  to  be  comprehended  by 
one,  the  system  becomes  a  science  or  philosophy  of  nature.  Because 
its  principles  are  founded  upon  a  comparison  and  analysis  of  facts,  a 
system  of  this  kind  is  also  called  Inductive  Philosophy, 

iDductive  pbilosopby  is  of  modem  origin.  Galileo  (born  in  1564)  was  tbe 
first  to  commence  a  coarse  or  experimental  roscarcbes ;  and  Bacon  (bom  in 
1561),  in  bis  immortal  work,  Norum  Orgaitum,  sbowed  that  tbis  was  the  only 
road  to  an  accurate  knowledge  of  nature.  The  ancients  were  ignorant  of  tbe 
principles  and  methods  of  indactive  science.  Their  explanations  of  nataral 
phenomena  were  based  on  a^aumtd  causes ;  they  are  therefore  confused  and 
contradictory,  and  often  in  direct  opposition  to  experience. 

5.  Force. — From  the  axiom  that  every  event  must  have  a  cause, 
the  mind  naturally  passes  to  the  recognition  of  certain  powers  or  forces 
in  nature  adequate  to  account  fur  the  observed  phenomena.   Thus  we 
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rofer  the  fall  of  bodies  to  the  earth  to  the  force  of  grayitation — the 
strength  of  materials  to  the  force  of  cohesive  attraction — the  directive 
power  of  the  compass-needle  to  the  earth's  magnetism — the  evaporation 
of  water  to  the  action  of  heat — ^the  combustion  of  a  fire  to  the  action 
of  oxygen  on  the  elements  of  the  fuel,  or  to  the  force  of  chemical 
affinity. 

Man  exercising  his  volition  walks,  or  strikes  a  blow— examples  of  the 
mysterious  connection  between  spirit  and  matter,  of  the  conscious  exer- 
cise of  mechanical  force.  By  the  use  of  a  lever  or  screw  he  transmits 
or  multiplies  his  force  at  will — by  experiment  he  learns  that  he  can 
also,  by  suitable  appliances,  call  into  action,  where  he  pleases,  certain 
other  forces,  otherwise  dormant,  which  he  calls  chemical^  or  physical^ 
according  as  they  do,  or  do  not,  involve  an  essential  change  in  the 
nature  of  the  materials  employed.  Both  his  consciousness  and  expe- 
rience inform  him  that  all  tliese  manifestations  of  force  result  from  the 
voluntary  but  mysterious  action  of  mind  upon  matter.  lie  is  thus  led 
to  the  unavoidable  conclusion  that  those  great  phenomena  of  nature, 
over  which  he  has  no  control,  must  have  their  origin  also  in  the  volitions 
of  a  Supreme  Ruler.  Force  and  will  thus  become  related  terms,  and 
we  are  compelled  to  regard  the  forces  of  nature,  as  they  are  usually 
styled,  as  only  the  outward  and  visible  manifestations  of  the  mind  of 
God. 

In  Physics  the  term  force  is  often  used  for  the  unknown  cause  of  a 
known  effect. 

6.  The  properties  of  matter  are  general,  or  specific. — The 

attentive  consideration  of  any  sort  of  matter  will  show  us  the  ex- 
istence of  two  sorts  of  properties  in  it — namely,  general  properties 
and  specific  properties.  Gold,  for  example,  occupies  space  and  pos- 
sesses weight,  but  so  also  does  all  matter,  whether  solid,  liquid,  or 
gaseous  ;  these  properties  are  general.  But  gold  has  a  peculiar  color 
and  lustre,  is  unchangeable  by  the  action  of  causes  which  destroy  the 
identity  of  nearly  all  other  sorts  of  matter,  has  a  definite  and  peculiar 
crystalline  form,  and  weighs  about  nineteen  times  as  much  as  a  like 
bulk  of  water.  These  are  qualities  peculiar  to  gold,  and  by  which  we 
always  recognize  it.    They  are  its  specific  properties. 

7.  The  changes  in  matter  are  physical,  or  chemical. — Water 
is  changed  by  heat  to  steam  or  vapor,  by  loss  of  heat  (cold)  it  is 
reduced  to  a  solid.  By  the  ceaseless  action  of  these  natural  causes,  it 
perpetually  changes  its  place  and  condition.  It  returns  to  the  earth, 
from  its  distillation  in  the  great  alembic  of  the  atmosphere,  ns  dew, 
mist,  rain,  hail,  or  snow,  and  by  gravity  seeks  to  gain  a  place  of  rest 
in  the  great  ocean.    But  in  all  its  changes  of  state  and  position  it  is 
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Still  the  same  substance.  A  bar  of  iron,  bj  contact  with  a  lodestone, 
acquires  new  properties,  which  we  call  magnetic,  but  its  color,  form, 
and  weight  remain  unchanged.  A  glass  tube  or  plate  of  resin  rubbed 
by  dry  silk  or  fur  becomes  electrical,  in.  virtue  of  which  property  it 
will  attract  or  repel  light  bodies.  These  changes,  which  do  not  destroy 
the  specific  identity  of  the  substance,  are  termed  physical  changcM, 

But  in  a  damp  atmosphere  the  iron  bar  is  soon  covered  with  rust, 
from  the  action  of  oxygen  (one  of  the  gases  of  the  air)  upon  the  iron. 
The  same  change  follows  the  action  of  water  alone.  In  this  latter  case 
the  water  is  decomposed,  and  with  great  activity  if  a  dilute  acid  is 
present.  The  oxygen  of  the  water  combines  with  the  iron,  while  the 
hydrogen  escapes  as  a  gas,  and  thus  the  specific  identity  of  both  sub- 
stances is  destroyed.  Such  changes,  destructive  of  specific  identity ^  are 
called  chemical  changes. 

8.  Physical  and  chemical  properties  of  matter. — The  changes 
of  matter  just  noticed  correspond  to  its  physical  and  chemical  proper- 
ties. Gold  possesses  certain  specific  properties,  depending  solely  on  its 
physical  qualities ;  its  density,  lustre,  color,  form,  malleability,  and  its 
high  point  of  fusion,  are  all  qualities  of  gold  which  can  never  be  lost 
without  an  essential  change  of  its  nature,  and  are  therefore  termed 
physical  properties.  Exposed  however  to  the  action  of  chlorine  and 
certain  other  agents,  gold  loses  its  specific  identity,  and  becomes,  as  it 
were,  a  new  substance,  while  the  same  change  passes  equally  upon  the 
agent  by  whose  efficiency  the  transmutation  is  effected.  Such  changes 
of  matter,  involving  an  essential  loss  of  specific  identity,  depend  on  the 
chemical  properties  of  matter. 

9.  Physics  and  Chemistry. — It  is  plain  that  the  distinctions 
just  pointed  out  are  fundamental,  in  the  nature  of  things,  and  that  out 
of  them  spring  two  entirely  distinct,  although  nearly  related,  branches 
of  human  knowledge,  namely,  Physics  and  Chkiiistrt;  the  former  is 
more  frequently  called,  in  this  country.  Natural  Philosophy;  a  term 
too  comprehensive  in  its  general  significance  for  an  exact  definition. 
Now  as  all  substances  possess  both  physical  and  chemical  properties, 
it  is  plain  that  a  thorough  knowledge  of  either  branch  involves  some 
familiarity  with  the  other.  But  the  natural  order  of  knowledge  con- 
sists in  obtaining  first  a  familiarity  with  the  general  properties  and 
laws  of  matter,  and  subsequently  the  specific  properties.  Physical 
knowledge  therefore  naturally  precedes  chemical. 

10.  Vitality,  or  the  principle  of  life,  is  recognized  as  a  distinct 
force  in  nature,  controlling  both  physical  and  chemical  forces ;  by  its 
action  inanimate  or  unorganized  matter  is  transformed  into  animate 
and  organizetl  existences.   Thus,  out  of  air,  water,  and  a  few  mineral 
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nibstances,  all  Imng  forms,  both  animal  and  vegetable,  are  built  up 
by  the  chemistry  of  life.  After  a  life  of  definite  duration,  they  die, 
and  their  structures  dissolve  again  into  the  inanimate  bodies  out  of 
which  they  grew.  They  are  subject  to  the  general  laws  of  matter,  but 
these  laws  are  often  modified,  and  sometimes  directly  opposed  by  the 
action  of  that  unknown  power  which  we  call  the  principle  of  life.  The 
description  of  organized  bodies  constitutes  the  science  of  Natural 
History. 

11.  Light,  Heat,  and  Eleotrloity  are  terms  employed  to  dis- 
Unguish  certain  phenomena,  or  forces  in  nature,  connected  with,  or 
growing  out  of  the  changes  of  matter,  physical  or  chemical,  or  both. 
They  are  supposed  by  most  physicists  to  be  dependent  on  the  existence 
of  certain  hypothetical  fluids,  or  on  the  vibrations  of  an  assumed 
ethereal  medium.  As  these  fluids,  or  forces,  are  without  weight  or 
other  sensible  properties  of  ordinary  matter,  they  are  termed,  by  many 
writers,  the  imponderable  agents,  or  simply  imponderables.  What 
the  spirit  is  to  the  animal  body  these  mysterious  agents  are  to  lifeless 
matter. 


CHAPTER  II. 

GENERAL  PRINCIPLES. 
1 1.  Definitions  and  Oeneral  Fropertiea  of  Matter. 

I.  ESSENTIAL  PROPERTIES. 

12.  The  essential  properties  of  matter  are  (1)  magnitude,  or 
extension,  (2)  impenetrability.  We  cannot  conceive  of  matter  with- 
out magnitude,  and  it  is  equally  clear  that  the  space  occupied  by  any 
given  particle  of  matter  cannot,  at  the  same  time,  be  occupied  by  any 
other  particle. 

All  the  other  general  properties  of  matter,  however  universal  they 
may  be,  have  been  made  known  to  us  by  observation  and  experiment, 
and  are  not  essential  to  the  fundamental  notion  of  the  existence  of 
matter.  The  accessory  or  non-essential  properties  of  matter  are,  1, 
Divisibility,  2,  Compressibility,  3,  Expansibility,  4,  Porosity,  6,  Mo- 
bility, and,  6,  Inertia. 

13.  Magnitude  or  extension. — Extension  is  the  property  which 
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ever  J  body  possesses  of  occupjing  a  portion  of  space.  The  amount  of 
space  so  occupied  by  a  body  is  called  its  volume. 

Every  body  has  three  dimensions,  length,  breadth,  and  thickness, 
the  external  boundaries  of  which  are  surfaces  and  lines.  The  exact 
measurement  of  these  three  dimensions  is  the  foundation  of  all  exact 
knowledge  in  experimental  science,  and  demands  the  adoption  of  cer- 
tain arbitrary  units  of  comparison. 

14.  Impenetrability. — The  power  of  a  body  to  exclude  all  other 
bodies  from  the  space  occupied  by  itself  is  called  impenetrabiliiy.  This 
property  is  possessed  by  all  forms  of  matter.  Air  may  be  compressed 
indefinitely,  perhaps,  but  the  mechanical  force  required  for  its  com- 
pression is  at  once  the  evidence  and  the  measure  of  its  impenetrability. 

A  stone  dropped  into  the  water  displaces  its  own  bulk  of  the  fluid, 
but  does  not  penetrate  its  particles.  A  nail  driven  into  a  board  only 
displaces  certain  particles  of  the  wood,  whose  resistance  or  elasticity 
imparts  to  the  nail  its  power  of  adhesion. 

The  union  of  these  two  properties,  extension  and  impenetrability 
gives  exactness  to  our  fundamental  notion  of  matter.  Neither  alone 
will  suffice  to  produce  a  body.  The  image  in  a  mirror  is  not  a  body, 
for  behind  the  mirror,  where  the  image  appears,  is  the  wall,  or  perhaps 
another  body.  The  shadow  of  any  object  in  the  sunlight  has  exten- 
sion, but,  as  it  is  not  impenetrable,  it  is  not  a  body. 

15.  The  tliree  states  of  matter. — Matter  is  presented  to  our 
senses  in  three  unlike  physical  states,  viz.,  solids  liquid,  and  gaseous. 
The  last  two  states  are  more  comprehensively  called  fluids.  These 
three  physical  conditions  of  matter  represent  the  opposite  action  of  the 
forces  of  attraction  and  repulsion.  But  as  those  interesting  relations, 
and  the  physical  laws  governing  them,  are  fully  discussed  under  their 
appropriate  heads,  it  is  needless  to  do  more  than  refer  to  them  here. 
(146.) 

II.  ENGLISH  AND  FRENCH  BTSTEMS  OF  MEASURES. 

16.  Units  of  measure. — In  order  to  determine  with  accuracy 
the  volume  of  solids  and  the  area  of  surfaces  or  the  length  of  linos, 
some  arbitrary  unit  of  extension  must  be  adopted.  Of  tlie  three 
geometric  degrees  of  extension  the  unit  of  length  is  the  only  one  which 
need  be  arbitrary,  since  by  squaring  it  we  may  measure  surfaces,  and 
by  cubing  it  we  can  measure  solids.  In  early  times  the  weight  of 
grains  of  wheat,  ("thirty-two  of  which,  from  the  midst  of  the  ear, 
were,  a.  d.  1266,  declared  to  be  equal  to  an  English  penny,  called  a 
sterling,")  or  the  length  of  "barley  corns''  (three  to  an  inch)  gave  the 
rude  basis  of  legal  units  of  weight  and  measure  in  England,  and,  long 
after,  by  adoption  in  the  United  States. 
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17.  Enslish  units  of  length. — ^The  yard  is  the  English  unit  of 
length,  adopted  both  in  Great  Britain  and  America.  It  appears  to 
have  had  its  origin  about  a.  d.  1120,  in  the  reign  of  Henry  the  First, 
"  who  ordered  that  the  ulna,  or  ancient  ell  (which  corresponds  to  the 
modem  yard)  should  be  made  of  the  exact  length  of  his  own  arm,  and 
that  the  other  measures  of  length  should  be  based  upon  it.''  The  yard 
is  divided  into  thirty-six  inches. 

In  1824  it  was  enacted  by  the  English  Parliament,  that  if  at  any 
time  the  standard  yard  should  be  lost,  defaced,  or  otherwise  injured,  it 
should  be  restored  by  making  a  new  standard  yard,  bearing  the  same 
proportion  to  a  pendulum  vibrating  seconds  of  mean  time  in  the  lati- 
tude of  London,  in  a  vacuum  and  at  the  level  of  the  sea,  as  36  inches 
bears  to  39.1393  inches,  the  latter  being  the  length  of  the  pendulum 
vibrating  seconds  at  London. 

In  1834  the  Parliament  House  was  destroyed  by  fire,  and  with  it  the 
standard  yard.  The  measurement  of  the  seconds'  pendulum,  as  given 
above,  was  subsequently  found  to  be  incorrect,  and  the  commissioners 
appointed  to  consider  the  steps  to  be  taken  to  restore  the  lost  standard, 
recommended  the  construction  of  four  standard  yards  from  the  best 
authenticated  copies  of  the  old  standard.  These  duplicates  (a  copy  of 
which  exists  in  the  U.  S.  Mint)  are  the  basis  of  English  and  American 
standards  of  length. 

The  subdivisions  and  multiples  of  the  yard  are  given  in  Table  I.,  at 
the  end  of  this  volume. 

Nearly  all  the  English  units  of  surface  are  squares  whose  sides  are 
equal  to  the  units  of  length.  The  square  and  cubic  inch  are  the  units 
most  frequently  employed  for  scientific  purposes. 

The  measures  of  capacity  are  related  to  those  of  length,  by  the  deter- 
mination that  a  gallon  contains  277.274  cubic  inches.  (|  101.) 

Where  volume  can  be  calculated  from  linear  measurements,  it  is 
usual  to  estimate  it  in  cubic  yards,  cubic  feet,  or  cubic  inches.  In  this 
way  earth-work  and  masonry  are  measured. 

18.  The  French  system  of  measures  originated  with  the  great 
revolution  in  France,  when  all  regard  for  ancient  institutions  was 
repudiated.  A  commission  of  the  members  of  the  Academy  of  Sciences 
was  appointed,  who  developed  a  decimal  system,  which  was  at  once 
adopted.  They  proposed  that  the  ten-millionth  part  of  the  quadrant 
of  a  meridian  of  the  globe  should  be  assumed  as  the  basis  of  a  new 
metrical  system.  This  was  called  a  meive,  and  subdivisions  and  mul- 
tiples of  this  unit  were  made  on  the  decimal  system.  The  metre  is 
equivalent  to  39.37079  English  inches,  or  39.30850535  American 
inches.    Later  determinations  have  shown  that  the  length  of  the 
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standard  metre  ia  not  precisely  the  one  ten-millionth  part  of  a  quad* 
rant.  Thus  it  appears  that  the  metre  of  France  is  a  standard  of 
measure  not  less  arbitrary  than  the  English  yard. 

The  French  metre  is  subdivided  into  tenths,  called  decimetrts  ;  hun- 
dredths, or  centimeires;  and  thousandths,  or  millimeires.*  The  names 
of  the  multiples  are  as  follows :  the  decametre^  ten  metres ;  the  hecto- 
metrey  one  hundred  metres ;  and  the  kilometre^  one  thousand  metres. 
This  last  length  is  equal  to  about  two-thirds  of  an  English  mile,  and 
it  is  the  ordinary  road-measure  in  France. 

The  French  units  of  surface  are  squares,  whose  sides  are  equal  to 
the  units  of  length.  The  common  French  measure  of  land  is  the 
square  decimetre,  which  is  called  an  are. 

The  measures  of  capacity  are  connected  with  those  of  length  by 
means  of  the  litres  which  is  a  cubic  decimetre,  (or  a  cube  measuring 
3.937  English  inches  on  the  side).  It  is  equal  to  1.765  Imperial  pints, 
or  somewhat  more  than  1|  English  pints.    (See  Table  I.) 

The  cubic  metre  is  the  measure  of  bulky  articles,  and  has  received 
the  name  of  siere.  The  sicre^  as  well  as  the  /i/re,  and  the  are,  have 
decimal  multiples  and  subdivisions,  named  like  those  of  the  metre. 

The  connection  of  the  system  of  weights  with  those  of  capacity  and  length  is 
explained  in  §  100. 

III.   ACCESSORY  PROPERTIES  OF  MATTER. 

19.  Divisibility. — By  mechanical  means  matter  may  be  reduced  to 
an  extreme  degree  of  comminution.  By  chemical  means,  and  the  pro- 
cesses of  life,  this  subdivision  is  carried  very  much  farther.  A  few 
illustrations  of  each  of  these  kinds  of  divisibility  will  suffice. 

Gold  is  beaten  into  leaves  so  thin  that  one  million  of  leaves  measure 
less  than  an  inch  in  thickness.  A  bar  of  silver  may  be  gilded,  and 
then  drawn  into  wire  so  fine  that  the  gold,  covering  a  foot  of  such 
thread,  weighs  less  than  g^^^j^  of  a  grain.  An  inch  of  this  wire,  con- 
taining of  a  grain,  may  be  divided  into  100  equal  parts  di»- 
tinctly  visible,  and  each  containing  ^.^oJ.^j^tf  of  a  grain  of  gold. 
Under  a  microscope  magnifying  500  times,  each  of  these  minute  pieces 
may  be  again  subdivided  500  times,  each  subdivision  having  to  the  eye 
the  same  apparent  magnitude  as  before,  and  the  gold  on  each,  with 
its  original  lustre,  color,  and  chemical  properties  unchanged,  repre- 
sents ^.BUoioo.UOiT  P*'*     t**®  original  quantity. 

Dr.  Wollaston,  by  a  very  ingenious  device,  obtained  platinum  wire 
fur  the  micrometers  of  telescopes,  measuring  only  ^^.l^^;^  of  an  inch  in 
diameter.    Though  platinum  is  nearly  the  heaviest  of  known  bodies,  a 
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of  wuh  wire  woulij  weigh  only  a  gratp,  aod  150  strands  of  it 
in»l4  together  f^irm  a  Ibrend  oulj  ae  thick  as  a  filament  of  raw  eitk. 

A  gmin  ci}^>«r  dUsutved  ia  Ditric  acid,  to  which  is  afterwards 
«d(M  water  atiJfn'Vriifk  wili  give  a  decided  IjIuc  color  to  302  oubiis 
bchi'M  itf  «atur.  Ktrtc^  cnii'li  cubic  int^h  the  waiter  mny  lie  diviiled 
n  mUlion  partjck*!),  en.ch  dii^tiiictl y  vi;^iV«)e  under  the;  microscope^ 
tberefufff  ihe  griMD  of  copper  must  have  been  diviJed  into  392 
m  il  Htm  futrtA. 

One  hunilrtHl  cubic  ipeKce  of  a  iK)]^!!^!!  of  comRion  salt  will  \m  ren^ 
dCT«*l  milky  by  a  cu^>e  »f  »itTer,  O  CHU  of  an  inch  on  eiicb  side,  diasolred 
ta  nitric  tM?id,  and  the  inftj>nitudc  of  ea*jh  parliiile  uf  silver  thus  rcpr&- 
■eitU  liie  onc-iutndred  billiwtU  piirt  of  an  inch  m  f^he.  To  aid  the 
ntudent  in  funtiing  nn  ti«Ie<|uate  Cfjint^eptjon  of  so  vast  a  number  as  a 
biLiiiin,  it  may  be  Added  timt  la  ctmnt  a  billion  f rum  a  eWk  beating 
stoondn.  would  require  3l,Ci88  year^  contintious  counting,  day  and 
aigbt. 

Mlnaie  division  in  the  animal  and  vegetable  kingdoms.— The 
bl<K>>l  of  atiimak  u  not  a  unifarm  red  liftuiJ,  as  it  appears  co  t)ie  naked 
fye,  but  consi«t«  uf  a  transparent  colovleiHi»  fluid,  tn  which  float  an  iunu- 
ible  multitude  uf  red  eorpuBeleij,  which,  in  unimulj^  tbiit  buekle  their 
are  flat  circular  diaoSj  doubly  concave,  like  the  spectacle  glu&sea 
iif  nearsighted  persona.  Id  man,  the  diameter  of  these  corpuscles  ia 
3500ih  Kit  an  inch,  and  in  the  mxisk-deer,  only  the  12,000th  of  aa 
I,  and  therefore  a  drop  of  human  bbxid,  such  as  Tsould  remain  &as- 
pmdvd  froio  the  point  of  a  cambric  needle,  will  contaia  about  3j000,000 
c>f  i«>r|^aM*]e4,  aod  about  120,000, CKK}  might  6oat  in  a  similar  drop  drawn 
from  the  musk-deer. 

Hut  Uiese  instances  of  the  dlridibility  of  matter  are  far  surpassed 
by  ibe  minntenesa  of  animalcules,  for  whose  natural  history  we  are 
tndnbted  chiefly  to  the  rewarcbea  of  the  renowned  Pruasian  naturalist, 
Etimiberg.  He  has  shown  that  there  are  many  species  of  the«e  crea- 
tores,  so  small  that  tnillions  together  would  nut  equal  the  bulk  of  a 
l^la  &f  Mud,  ami  tbousandft  might  swim  at  once  through  the  eye  of  a 
oeedle.  Tbeaa  infiuitcjilmnl  animals  arc  ub  well  adapted  to  life?  m  the 
tsrgeit  faeasta,  and  their  motions  display  all  the  phenomena  of  life, 
«*fiMt»  Sfid  imtinct.  Their  actions  arc  not  fortuitonSr  but  are  evidently 
frotcftied  by  choice,  and  directed  to  gratify  their  appetites  and  aroid 
tha  dADgers  of  thetr  miniature  world.  The  stagnant  waters  of  the 
farth  (and  gumetimes  the  atmosphere)  everywhere  are  populous  with 
th«it.  tn  nil  extent  bcyund  the  power  of  the  imagination  to  conceive 
ihr  Their  silieioua  sliclctnns  are  found  in  a  fossil  state, 

(wff  i  .  _        entire  mnAs  of  rwky  strata,  many  feet  in  thiakueBS  and 
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hundreds  of  square  miles  in  extent.  The  polishing-slate  near  Biting 
in  Bohemia,  contains  in  every  cubic  inch  about  41,000  millions  of  theM 
animals.  Since  a  cubic  inch  of  this  slate  weighs  220  grains,  there  must 
be  in  a  single  grain  187  millions  of  skeletons,  and  one  of  them  would, 
therefore,  weigh  about  the  one  187-raiIlionth  of  a  grain.  The  city  of 
Richmond,  Va.,  has  been  shown  by  Prof.  Bailey  to  rest  on  a  similar 
deposit  of  silicious  animalcules  of  exquisite  form.  It  is  impossible  to 
form  a  conception  of  the  minute  dimensions  of  these  organic  structures, 
and  yet  each  separate  organ  of  every  animalcule  is  a  compound  of 
several  organic  substances,  each  in  its  turn  comprising  numberless 
atoms  of  carbon,  oxygen,  and  hydrogen.  It  is  plain  from  these  exam- 
ples that  the  actual  magnitude  of  the  ultimate  molecules  of  any  body 
is  something  completely  beyond  the  reach  equally  of  our  senses  to  per- 
ceive, or  of  our  intellects  to  comprehend. 

20.  Atoms,  Molecales. — The  ultimate  constitution  of  matter  has 
divided  the  opinions  of  philosophers  from  the  earliest  period  uf  science. 
Two  hypotheses  have  prevailed  ;  the  one,  that  matter  is  composed  of 
irregular  particles  without  fixed  size  or  weight,  and  divisible  without 
limit ;  the  other,  that  "  matter  is  formed  of  solid,  massy,  impenetrable, 
movable  particles,  so  hard  as  never  to  wear  or  break  in  pieces"  (New- 
ton), and  which,  being  wholly  indivisible,  have  a  certain  deJiniU  sixe, 
figure,  and  weight,  which  they  retain  unchangeably  through  all  their 
various  combinations.  These  ultimate  and  unchangeable  particles  are 
called  atoms  (meaning  that  which  cannot  be  subdivided). 

While  there  is  no  mathematical  objection  to  the  assumption  that 
matter  is  infinitely  divisible  (since  no  mass  can  be  conceived  of,  so  small 
that  it  cannot  be  mentally  subdivided),  physics  and  more  particularly 
chemistry  have  shown,  from  the  mutual  relations  of  bodies,  that  their 
constituent  particles  possess  definite  and  limited  magnitudes. 

The  term  moUcule  (a  little  mass)  is  more  commonly  applied  to  what, 
in  chemistry,  are  sometimes  called  divisible  atoms ;  t.  to  a  group  of 
two  or  more  atoms,  e.  g.,  the  molecule  of  water  is  composed  of  at  least 
two  atoms,  om  of  hydrogen  and  one  of  oxygen,  forming  together  a 
chemical  compound.  The  phenomena  of  crystallization  show  us  that 
molecules  possess  dificrcnt  properties  at  different  points  of  their  8ar> 
faces.  AVhile  their  form  is  unknown,  it  is  assumed  that  they  touch 
each  other  not  at  all,  or  only  at  a  few  points,  leaving  spaces  between 
them  which  bear  a  large  ratio  to  their  own  bulk.  From  this  fact  result 
the  two  genera]  properties  of  compressibility  and  expansibility,  which 
are  next  to  be  considered. 

21.  Compressibility. — Diminution  of  volume  in  solids,  by  mecha- 
nical means,  and  by  loss  of  heat,  is  a  fact  long  familiar  to  all  who  are 
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MUtnamt  with  coiistrociioiie.  E veti  columns  of  stone^  tipd  arches,  sufi* 
pflftJO^  hmvy  iomU,  arc  fuund  to  dimin [sh  fiunaiblY  fnom  tbeir  origin nl 
dEnauioiw  prp*5iirc  hIikjp,  McUiIs  are  oimjpreflsed  by  coinmg.  In 
fii[Ui\ls  it  WAB  )on^  beiter4*d  titers  wus  n<>  csomprcsititjility,  but  in  reality 
iKlUiili  |KNAe«s  tirts  prupertj  to  a  greater  extent  tban  solids. 

I  Sarfnti't  miHHScaUoil  or  PefXins'i  original  8{>pfiratB9  lerrei  (it 

<|«m<>n!itrftt«  tbeofrniprpseiliilUJy  f*f  ipr*ler.  A  strong  metallic  wat- 
C,  llg^  1,  IS  fillitil  whh  wttL«r,  Auit  closed  hy  n  eluie  Gtttu^ 
wrrnw  plug,  H.  fij?.  2 ;  *rid  o.  pcrfoetly  poJiAhtfJ  L*ylitnlri*n.l  piston  of 
8l«b  A,  pjfc»*fs  wftter-tigljt  l,hrf>rtjBfli  tbu  stt'cl  colliir^  P_  Wbcn  the 
vcffol  in  fbiiB  [irci>*reil,  il  is  pinned  in  a  btrg'cr  vessel  cajimbiti 
ttlitlunU]^  p^At  prcf9Urv,  whiob  is  also  filled  vritb  irntcr. 

Pr*»furei  to  mny  encnt.  depircrt  is  then  applied  hy  amtLDS  2 
of  n  bvtlf auUo  prtsa.  It  is  cFident  Lhnt  if  Uie  witf«r 
ittt(lpr)CfC4  tlmiiuuiio&  of  volume  vbcu  subjected  to  prvn- 
mrc,  th«  fi-intoo  A  musl  be  fcireeil  into  (he  tjlinder  to  a 
cnrre^pomliug  extent.  Tbc  index:  T  linving  b«cn  pluf^cd  al 
0  uf  ib«  BCftle  if  it  i«  fouDdp  after  lb«s  cxperimeiiU  above 
Ibat  point,  m  in  fig,  J,  it  i*  evideaee  of  a  cor«s« ponding 
descent  of  tbii  pbtoD,  dna  to  euDtprufion  of  thft  ivftter 
cMiitaiued  ia  tbo  ejliader  C.  On  rsraoTing  tbfl  pressure 
Ihd  oiruiii'ity  of  tbo  water  reatorvt  th«  origiDal  bulk. 
W*ter  i?  found,  hj  thta  cxperimf^nt^  to  jicld  about  fifty 
miUionlh*  of  itt  TirfdUv  for  ench  at)3iosplie7«  of  pnieitre, 
L     for  •  presfure  of  fifteen  pouttds  to  ft  aqtikre  incb. 

In  ftir  and  all  gn^es  we  sec  the  property  of  com- 
pre^atblltty  very  Apparent.    The  air  ayrioge  is  an 
iDstruiuent  Tti  which  ft  portion  of  air  is  compressed 
Mlire  a  stolid  ptaton,  vriUi  the  evolutbn  of  so  much  heat     to  eet  fire 
Id  tin  dm 

TUo  return  uf  •^A'^m  and  li<|uidft  to  their  original  bulk  on  rennjval  of 
tl*c  oitnden>ihtg  furce  Is  duo  to  a  property  termed  dastivity.  This 
t|iuJUy  extMts  in  many  solidi^,  If  not  In  all.  and  its  consideration  will 
bfl  resmmffd  hereafter, 

SzimiittibiUty.— The  expansion  and  contraction  of  all  bodies 
Id  is  a  fact  Bufficiently  fanaUlar.    Upon  it  is  based  the 
all  iastrnmoiitfl  for  reading  changes  of  temperature,  fur 
(rti  of  which  I  he  render  ia  referred  to  the  chapter  on  heat. 
23,  Ptiyaical  pores. — ^The  facta  connected  with  the  compresssibiliiy 
of  natter,  and  it*  change  of  furtn  by  heat,  indicate  clearly  lliat 
Uie  Afucruf  of  matter  (iiKBuntcd  to  be  uuchangeuhlc)  are  not  in  contact, 
n»  irpacru  e»5*titig  between  them  are  called  pht/skal  jiortJi^  on  the 
xifttervcc  of  which  depends  the  properly  of  /x»ri:i.n/y.    Many  cliemical 
henunienit  illustrate  Hie  existence  of  thi«  property.  If  equal  meaflurce 
iklifoliol  and  water,  tir  of  water  and  BuJphuric  acid  arc  mixtd,  the 
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bulk  of  the  resulting  liquid  is  sensibly  less  than  the  sum  of  the  two 
liquids  before  they  were  mingled.  This  shrinkage  can  result  only  from 
the  insinuation  of  the  particles  of  one  substance  among  the  pores  of 
the  other. 

The  great  amount  of  heat  developed,  during  thesn  experiments,  is  a 
significant  fact.  These  molecular  or  physical  pores  of  bodies  are  no 
more  sensible  to  our  organs  than  the  atoms  themselves,  and  are  per> 
meable  only  to  light,  heat,  and  electricity. 

24.  SenBible  pores. — It  is  important  to  distinguish  the  molecular 
porosity  just  described  from  those  sensible  openings  which  give  to  cer- 
tain substances  the  property  generally  known  as  porosity.  The  pores 
of  organic  bodies,  as  of  wood,  skin,  and  tissues,  are  only  capillary 
openings,  or  canals,  for  the  passage  of  fluids.  Nearly  all  animal  and 
vegetable  substances  present  these  sensible  pores.  The  familiar  pneu- 
matic experiment — the  mercurial  rain — is  an  illustration  of  the  porosity 
of  wood.  Many  minerals  and  rocks  are  porous.  Common  chalk  and 
clay  are  familiar  examples.  Ilydrophane  is  a  kind  of  agate,  opaque 
when  dry,  but  translucent  when  wet  from  absorption  of  water.  Even 
gold,  and  other  metals,  under  great  pressure,  as  in  the  experiments  of 
the  Florentine  academicians  in  1661,  are  found  to  exude  water. 

25.  Mobility. — We  constantly  see  bodies  changing  their  place  by 
tnoHoiif  while  others  remain  in  a  state  of  rest.  The  capacity  of  change 
of  place,  or  of  being  set  in  motion,  constitutes  what  is  called  mobility. 

We  recognize  motion  only  by  comparing  the  body  moving  with  some 
other  body  at  rest  If  that  rest  is  real  then  the  motion  is  absolute^  but  if 
it  is  only  apparent  then  the  motion  is  only  rdaiice.  Thus,  on  board  ship, 
or  on  a  rail  car,  the  passenger  appears  to  change  his  place  in  reference 
to  objects  about  him.  But  all  these  objects  are  equally  in  motion  with 
himself. 

All  motion  on  the  earth's  surface  is  relative,  because  the  globe  itself 
is  impelled  by  a  double  movement— of  revolution  on  its  own  axis,  and 
of  translation  about  the  sun. 

Rest  is  also  absolute  or  relative.  Absolute  when  the  body  occupies 
really  the  same  point  in  space — relative  when  it  preserves  the  sanae 
apparent  distance  from  surrounding  objects  regarded  as  fixed,  but 
which  are  not  in  reality  so.  A  ship  sailing  six  miles  an  hour  against 
a  current  of  the  same  velocity  appears  to  persons  on  her  deck  to  be 
advancing  with  reference  to  the  surrounding  waves ;  but,  viewed  from 
the  shore,  or  by  comparison  with  objects  on  shore,  she  appears  at  rest. 
Absolute  rest  is  of  course  unknown  on  the  earth,  since  every  terrestrial 
object  partakes  of  the  double  motion  already  noticed,  and  it  is  doubtful 
if  any  part  of  the  universe  is  in  absolute  rest,  seeing  that  the  sun 
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ilidf  vtth  Uae  whole  solar  iTtteia  U  carried  tirauofl  with  ft  rapid  laotioii 
fif  iranHfaliMn  Ui  nmicf^  atxmt  a  central  suii. 

26.  Iii«itia.^No  piirliolc  of  mutter  poaiiessee  witliin  itself  tho 
fiow«f  of  changing  its  esieting  slAte  of  nwition  or  rest.  Matter  Jias  no 
ifmatiJiOfMis  |K>wtfr  citl^^r  of  rest  or  motion,  but  is  equullj  Busceptible 
(4  nebf  aceording  as  it  nmy  be  AHcd  on  by  :in  external  cause.  If  a 
liodtf  \»  Mi  rest,  a  force  isi  neccssnry  lo  put  it  in  motion  ;  and  eotirerjely, 
il  omnat  cbango  frum  motion  to  rei4t  withuut  the  agency  of  sunie  forve, 
A  b'Hjy  ottce  pot  in  ntoiion  viU  euDtlime  that  motion  in  an  uncliang- 
iag  direction  with  umjlimngitig  velocity  until  its  eoarso  is  arrested  by 
mm)  c«a««9.  Tbiii  pa^elre  property  of  ntatbc^r  is  calkd  ineriia, 
curtc4  tincL  gave  deOiiit«  expression  to  this  law  in  his  "  Principles." 

Wa  *e  arc  lold  thitt  ii  Hotlj  at  rcit  will  fur«Ttr  rcmnia  so,  nnlc^i  it  rc<<tHiriiB 
dajrtiUe  from  nocne  ^tvrnat  jtowt^r,  Xhc  tuittd  at  r^ucu  jihisi^qIjk  U-i  ■  atnlvmcnt 
irh  «n»bc]dl««  tins  rcfull!  uI  tiur  eoostjvut  expiirU-nce.  Uq|.  it  rprjuircs  utitoft 
-oa  En  ono  who  for  div  firi*t.  iiino  4^olllli«il<^B  the  iiihjcot,  to  admit  thM 
In  motiftn  will  pnnttniie  iv  touve  r»r  cvnr,  utilaaA  iirrest«d  by  vxLertisJ 
CmuiJ  itbterr»liua  wivins  to  truutruUict  ttie  iiaflertiuii.  On  aftrtb't 
v«  knov  iif  DO  in«tlluQ  whic'b  does  nut  roqnlro  forve  to  mjuntalD  m  well 

Jtfwilte*  It 

«  m*j  o>i««Tv^,  1i-c»ircvcr,  tbai  nU  Buch  YnoTinf  bodies  meet  tvitb  eonit^At 


ferwUifn  f'  '1,  ftnif  tbe  rcsLilAiieu  of  the  air;  hdJ  that  ta>  une  ur  buth 

tlwao  TLtT  thr  inatioti  bcrnmpe  pnilnUfjcti  aod  routinuoiif. 

be  f  ("nlled  the  wind- mi U  in  rurutt  \s  a.  good  iIluMrAtia'O  of 

btti  <i  (Qolion  due»  t4>  in«rtm — tbe  utual  cflm#««  itf  trreit  of 

liiQ!!  It  fiiraiuliihcHI. 

Tbp  iHfi  only  exninptc  iif  i^oDelani  Diolion.    Tbeat!  treleniial 

iMliw,  r  ..  .  'I  .f  ill  tbc  ewu.a.]  rt»istaD<^C'fl  uid  obsiruutioDa  vrMeh  dbturb 
Wff  ftt|»*riM«ntJ  Kl>  the  varib's  ftirf»re,  rtli  oii  ia  Ibctr  »p]>c)m(?d  orliU«  Wllb 


IbstllMl  rf>gili»ritjr,  juid  jireHirTca  nncbimged  tbe  dlrQC-Lion  uid  Teloi-itj  of  tba 
eutina  wbicb  Ibcjr  fec«if  td  nt  Iheir  creation* 

2r.  Action  and  reaction,— It  fid  lows  as  a  necessary  conse^iuence 
uf  tbe  inertia  of  inatt*'r^  tbu-t  vb«n  a  body^  in  matian  strikes 
stiDiKor  lj»ly,  M^t  bt  re^^t,  the  action  of  .If  in  imparting;  motion  to 
JP  19  ^tnrily  cr^uatcd  hy  the  ptjwer  of  ,W  to  destroy  motian  in  M. 
XLmcc  thff  Ijnr  tliat  a^iion  and  rfmiion  are  altpaffn  equal  ami  opjfOnHe^ 
»  h<ere  lUMtttiiifi^d  that  tlie  lirKiiGs  impiDgiDg  are  entirely  deroid  of 
lidty.  and  so  related  ttml  after  collision  they  sball  more  on  a^ 

f  2,  Of  MotioQ  and  Force. 

1.  MOTIUy, 

«  Yatietles  of  motioii. — We  distinguixli  tbc  foDnwittg  varictieji 
tbe  tpt«t3im  of  a  b^ily. 
I  • 
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motion  of  tranalaiion,  or  direct  motion^  in  which  all  the  points 
of  a  body  move  parallel  to  each  other. 

■  b — A  motion  of  rotation^  as  of  a  wheel  on  an  axis,  where  the  dif- 
ferent parts  of  a  body  move  at  the  same  time  in  different  directions. 
OscilkUioa  or  vibration,  as  in  a  pendulum,  is  only  a  particular  case  of 
rotation. 

I  e — combination  of  translation  and  rotation,  as  in  the  moUona  of 
the  earth. 

The  direction  of  motion  is  represented  by  a  straight  lice  drawn  from 
the  point  where  motion  commences,  to  the  point  towards  which  the 
body  is  propelled.  The  direction  is  rectilinear,  when  it  is  constantly 
the  same,  and  curvilinear,  when  it  Tarics  every  moment. 

29.  Time  and  velocity. — As  all  the  phenomena  of  nature  may 
be  referred  to  motion,  so  the  succession  of  natural  phenomena  gives 
us  the  idea  of  duration,  or  time.  Day  and  night,  months,  and  the 
order  of  the  seasons,  are  nature's  units  of  time;  but  in  physics  the 
invariable  unit  of  time  is  the  duration  of  a  single  oscillation  of  a  pen- 
dulum, called  a  secomls*  pendulum,  the  time  of  oscillation  being  a 
second.  The  length  of  such  a  pendulum  at  London  is  39' 14056 
English  inches.  The  distance  passed  over  by  a  moving  body,  in  a 
unit  of  time,  is  its  velocity,  represented  by  V  in  physical  formulas. 
This  symbol  obviously  involves  both  time  and  velocity. 

30.  Uniform  motion.  —  A  boily  moving  over  equal  spaces  in 
equal  times  is  said  to  have  uniform  motion.  It  follows  from  the 
property  of  inertia  that  a  body  in  motion,  if  lefl  to  itself,  will  continue 
its  motion  uniformly  both  in  time  and  direction. 

Proposition  I.  The  distance  passed  orer,  in  vniform  velocity,  i»  pro- 
portioned to  the  time.  This  follows  directly  from  the  definition  of 
velocity.  Denoting  by  D  the  distance  passed  over,  and  by  2*  the  num- 
ber of  seconds,  we  have 

D=VXT,     V=^,    r,ndT  =  ~- 

The  first  expression  is  called  the  formula  for  uniform  motion,  and 
the  two  others  serve  to  calculate  the  velocity,  the  distance  and  time 
being  known  ;  or  the  time,  the  distance  and  velocity  being  given. 

It  follows  that  if  we  represent  Thy  one  of  the  longer  sides  (A  B)  of 
a  parallelogram,  A  B  C  D,  fig.  3,  and  V  by  one  of  8 
the  shorter  sides  (B  C)  of  the  s.mie  parallelogram, 
then  the  area  of  the  parallelogram  A  B  C  D  represents 
the  distance  passed  over  by  a  moving  body  in  the  num- 
ber of  seconds  denoted  by  T.  i" 

31.  Variable  motion. — In  varying  motion  the  distances  passed 


MOTION  AND  FORCE. 


lire  leooodt  &re  unequal.    In  this  cae9,  the  relocitj  at 
taj  grren  iDstaot,  ij  the  relattoD  between  the  dUtnnce  traTcrsed  und 
tb«  time,  conaidering  the  time  infioilelj  emull  i  or  the  distnnce  thaL 
mW  b»  traversed  in  a  unit  of  time,  6iip[M>ging  the  motion  at  the  given 
It  lobe  ©ontinued  uniform  for  the  unit  of  time. 
Motioa  HEilformly  varied.— When  tho  Telocity  of  a  bodj 
bj  a  ooDfitant  quaDtttj  in  a  gtveti  ttme»  it  is  said  to  be  n»ir^ 
^  Jformlf  acodemted.    The  increuso  of  velocity  in  a  «econd  is  called  iti 
flos/mi^Aufi,  frhi«:h  will  l>0  represented        p,    Uuifm^lt}  rdarde 
ttoiioa  is  whero  the  veli>tiity  of  the  lH>dy  dimiDiube^  hy  a  unLfuri 
iljty  to  each  second  of  time, 
PlKiraBJTtox  II.   The  change  of  telocitij  m  uiiifunnhj  mryiuff  moiion^ 
th€  tnd  of  m\]f  ffirfH  lime,  is  propartional  to  thai  it  me, 
Let  H  be  the  initial  Telocity,  that  is,  the  tetocitj  at  the  instnnt  from 
rhieb  the  tinae  h  computed,    the  acfcekrution  and  F  the  velocttj  at 
end  of  t  ficcondHf  then  V=  u +;  vt    The  sign  +  c*>rre9p<jnd8  to  the 
of  utiifjrmly  accelerated  motion^  and  the  eign  «  to  that  of  uni- 
ilj  r«>tarded  motion.    la  the  Ia3t  case  the  velocity  becomes  null 
rbea  ti  =  r/,  tJtat  i«  at  the  end  of  a  number  of  seconds  represented 
J,    The  aboTe  formula  in  fact  in  vol  res  this  projjosition.    If  we 
'ttken  make  ti  =  0,  thai  h,  if  it  be  assumed  that  the  motion  atarta 
vtate  of  repo«e,  we  &hal|  hare  et  the  end  of  the  time  t,  V—  vi. 
lit  is  what  we  announeedin  stating  that  the  velocity  acquired^  at  the 
id  of  a  gii^eii  time,  is  proportional  to  that.  time. 

Paorosirio^  HI.  In  aniformltf  accda  nkd  motion  the  Jwr^tfTicw  pajs^J 
r,  a  Itfidit  aiarting  fr&m  a  atak  of  rest,  are  proporii&nul  to  the 
tartM  ttfUu  iimet  employed. 

Repr«H;titing  the  time  by  the  Uno  A  B,  fig.  4^  and  the  velt>city  at 
he  ffud  of  the  giv^ji  time  by  the  line  B  C, 
ifid©  the  timp  A  B  into  minute  etjual 

irtK,  A-U  1-2,  2-3.  3-4   — 

rb«  vekKntte'!!  ant  quired  during  the  times 
^{trt«4^nted  by  A  1»  A  2,  A3,  A  4,  will  he 
refifCMraled  by  tlie  lengths  of  the  eeveral 

Xmm^  I  a,  2  6,  3     4 «/ »  —  which 

•are  |tn>|iortione4  to  these  Wmm.    Suppose,  however,  Ibnt  during  each 

inbvto  parti<m  of  timo  A-I,  \~%  2-3,  3-4  —  ,  tlie  velocity  i*  cnn- 

«ta»l;aail  equal  to  thut  attained  nt  the  end  of  each  intervul ;  the  motion 
beini;  aiiHV»rni,  the  lilxtartce^  pn.Hited  ovor  during  these  seieriU  sub* 
lifM^Mii*  <>f  time  will  be  represented  (30)  by  the  areas  of  the  parallclo- 
1  2  3  c',  —  "  —  — ,  and  the  diutance  passed  over  at  tlio 
f4  th«  lime  A  H,  by  the  mm  of  thesa  parallelogram  a.   Thit^  %u\ 
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differs  from  the  area  of  the  triangle  A  B  0  by  all  that  passes  the  line 
A  G.  It  is  evident  that  if  the  time  A  B  had  been  divided  into  a  larger 
number  (say  double)  of  equal  parts,  the  sum  of  the  parallelograms 
would  have  been  less  in  excess  of  the  triangle.  The  diminution  is 
indicated  by  the  areas  shaded  in  the  figure.  In  proportion  therefore 
as  the  subdivisions  of  the  time  A  B  are  more  numerous,  the  sum  of 
the  parallelograms  will  differ  less  from  the  area  of  the  triangle  ABC. 
Finally,  when  the  number  of  divisions  becomes  infinite,  that  is,  when 
the  velocity  varies  in  a  uniform  manner,  the  distance  passed  over 
during  the  time  A  B  will  be  represented  by  the  surface  of  the  triangle 
ABC. 

But  that  area  =  J  A  B  X  B  C.  Substituting  A  B  =  ^,  B  C  =  F, 
and  recalling  the  value  of  F=  vi,  we  have  for  the  distance  passed 
over  D  =  JABXBC  or  D  =  ^  v(^,  &  formula  involving  the  propo. 
sition  stated  above.  This  elegant  demonstration  is  due  to  Qalileo,  who 
discovered  the  laws  of  uniformly  varying  motion. 

Corollaries.  Ist  The  last  formula  shows  that  the  distance  passed 
over,  in  uniformly  accelerated  motion,  by  a  body  which  starts  from  a 
state  of  repose,  is  equal  to  the  distance  it  would  pass  over  with  a  uni- 
form mean  velocity.  2d.  It  follows  also,  from  the  same  formula,  if  we 
represent  by  a  the  distance  through  which  a  body  moves  in  the  first 
second,  we  can  easily  find  the  following  values  for  the  distances  it  will 
move  through  during  each  succeeding  second,  and  also  the  whole  dis- 
tance it  will  have  passed  through  at  the  end  of  each  second. 


Times, 

1 

2 

3 

4 

5 

n 

Successive  distances, 

a 

3a 

5a 

7a 

9a 

(2n-l)a 

Whole  distances. 

a 

4a 

9a 

16a 

25a 

n«a. 

The  coefficients  in  the  last  series  are  as  the  squares  of  the  times,  while 
those  in  the  second  series  are  as  the  odd  numbers,  and  are  deduced 
from  the  last  series  by  subtracting  from  each  of  its  terms  the  one 
next  preceding  it.  Zd.  The  distance  passed  over  during  a  given  time, 
in  uniformly  accelerated  motion,  is  equal  to  one  half  the  distance  which 
would  be  traversed  during  the  same  time  by  a  uniform  motion,  with 
the  velocity  acquired  at  the  end  of  the  given  time ;  that  is,  the  velocity 
at  the  end  of  the  time  i  is  equal  to  vt,  and  the  distance  which  it 
traverses  during  the  time  t  is  ^r^,  according  to  the  formula.  Ath, 
To  determine  the  velocity  acquired  in  terms  of  the  distance  passed 
over,  it  is  necessary  to  eliminate  t  from  the  equations  V=vi  and 
D=  Jpf",  which  gives  V=  i/2  v  D, 

The  velocity  is  said  to  be  due  to  the  distance,  (D,)  an  expression 
which  should  not  be  literally  interpreted. 

33.  Compound  motion. — A  body  moving  along  a  right  line  may 
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pwihtt  uf  iiro  or  ttioro  mcitlirn^,  in  which  cm&  its  fSLth  will  be  tliis 
radttftt  <>f  the  c»in»l>i nation  of  these  motions.  Sucb  n  motLoix  is  dallod 
tflpmpMn^  mfjtmn.  Dm\y  observation  confirine  tiits  stnteinent,  w filch 
fill  be  •nfieieatlj  iilottmied  when  w«  cim^ider  the  re^ult^  cotn- 

St.  PajnUlfiilOEifam  of  velocities. — Tbo  coiapf^Mtioa  imd  i^solutioit  uf 
filodikH  will  he  uiore  rca>iiJj  cX|>Iitim:d  &Dtl  illustratisd  wlica  confftdcrtng  lb« 
fBtOM  is  wbieU  mirtion  Iim  its  origin,  sa  ibv^  follow  tbe  »iune  i»ir4. 


II. 


OF  rollCES. 


I>tfia.ltio&  of  force,— By/oj-M,  a*  used  in  mefhiinic^,  we  iiieim 
mAW^  pmducing,  or  muJifjiiig,  inijtiaii.  AH  known,  furces,  mtJer 
diffioitiaa,  liftvo  their  origin  in  three  causes',  nnmely,  lat,  tfravi- 
m,  or  the  mutual  attraciion  of  bodice  for  eacb  othf  r :  2il,  the 
BOWS  cause  of  I  he  plieoouietia  of  ii<fkff  hi'ai,  and  ekvtricilff ;  and 
life,  9r  the  mjstcriMU»  ageocj  produaing  the  motions  of  nnimulfi. 
Xh«  stuilj  of  fiirtes  and  iheir  ctTects  constitutes  the  acieDce  wf 

cos  definite  quantities.^ — As  we  readilj  conceive  of 
m«  iufoi  s«  ^reiiiter  thiui  apulher,  m  we  understand  that  forces  are 
WiymJt  when,  opcratinj;  in  opposite  direetions,  they  rautualij  balance 
ttcb  and  product  iM(U]lihrium.  The  &ame  may  be  trim  of  the  action 
iif  two,  tliree,  or  mure  equal  forces,  forming,  hy  their  union^  double* 
triples,  «r  any  higher  coEnbinaLion  of  force* 

To  deteriiune  n  force  with  preciHiot*  we  must  wnsider  three  things: 
111,  the  point  0/  apphcutitm  ;  2d,  the  dirtclion  ;  3d^  the  xnttH^ihjt  or 
cncrpy  with  whieh  tbo  force  acts. 
It  ia  uAual  to  represent  forces,  like  other  ningnitudcs,  by  lines  of 
leit*  lengths.    Aiiy  line  may  be  chosen  as  the  unit  vf  force.  Tlio 
direction  <>f  a  Itne  will  then  represeut  the  direction  of  the  fyri-e,  starting 
£n»n  the  pjitit  of  opplicotion  ;  and  ita  length  will  represent  the  laaj^ni- 
kwftt,  at  intentii^t  of  the  force,  expressed  hj  the  Dumlnf^r  uf  timea  tl^nt 
1^  beoalMCU  tlie  unit  of  force.    A  force  is  therefore  defined  in  eauh  of 
Bhi  tkre6  element*  by  &  line,  being  thus  brought  within  the  limits 

li«ml»er,  genniclryt  and  mathematical  annly^ia. 
H  tt.  Weight ;  Unit  of  Force ;  DyuamometerB. — Where  a  bfidy 
^kkft  free  to  the  action  of  irravitj,  but  i«  held  immovably  by  mmte 
olMtade,  the  pr«>««A)reor  tension  which  it  exertion  the  p<:}iTit  of  Mi|>purt 
k  aill*d  tU  w:i\jhL    It  ia  important  to  dlstin(*uiah  earefuHy  bi>tweiiii 

Enxiffht  iiiid  gmtiity.    The  latter  signifies  tlie  general  cause 
wlaooft  Uie  fi^U  of  all  bodies  to  the  eorthf  while  the  former 
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means  only  the  result  of  the  action  of  that  general  canso  in  the  case 
of  a  particular  body. 

The  common  unit  of  force  is  the  pound  avoirdupois. 

The  weight  of  a  body  may  be  rendered  sensible  by  the  use  of  an 
instrument  called  a  dynamometer,  or  measurer  of  force. 

One  of  the  most  simple  of  these  is  represented  in  fig.  5 ;  it 
consists  uf  a  steel  spring,  a  C  b.  The  metallic  arc  a  is  fixed 
near  the  end  of  the  limb  C  a,  and  passes  fteely  through  an 
opening  in  the  other  limb.  The  graduated  arc  b  e,  is  fixed,  in 
like  manner,  in  the  limb  C  b.  The  amount  of  the  force  ex- 
erted at  the  points  e  and  d,  determines  the  degree  to  which 
the  two  limbs  will  approach,  and  is  represented  on  the  gradu- 
ated arc  in  pounds  and  ounces,  the  graduation  of  the  arc 
being  the  result  of  actual  trial,  hy  hanging  known  weights 
upon  the  hook,  and  observing  the  positions  marked  by  the 
index. 

Many  forms  of  dynamometer  exist,  of  which  the  spring  balance,  or 
Le  Roy's  dynamometer,  is  the  most  familiar. 

Le  Roy's  dynamometer,  or  spring  balance,  fig.  6,  consists  of  a  steel 
spring,  coiled  within  a  cylin-  6 


drical  tube.  The  end  n  of  the 
spring  is  attached  to  a  rod  of 


metal,  graduated  in  pounds  and  ounces,  which  is  drawn  oat  more,  as 
the  applied  force,  6,  is  greater. 

Reynier's  dynamometer,  fig.  7,  consists  of  a  steel  spring,  manb, 
of  which  the  part  a  and  b  ap- 
proach each  other,  when  a  force 
is  exerted  at  the  points  m  and  n. 
An  arc  graduated  in  lbs.  is  at- 
tached to  the  spring  at  the  point 
a,  and  carries  a  needle,  r  o, 
worked  by  a  lever,  c.  The  posi- 
tion of  this  needle  upon  the  arc, 
indicates  the  amount  of  the  force 
exerted.  If  it  is  wished  to  de- 
termine the  strength  or  force 
exerted  by  any  animal  or  machine,  as  the  strength  exerted  by  a  horse 
in  drawing  a  plow  through  the  ground,  it  is  only  necessary  to  attach 
one  end  of  the  instrument,  as  n,  to  the  plow,  and  have  the  horse 
attached  to  the  other  end,  m.  The  degree  which  is  marked  by  tho 
pointer,  when  the  horse  moves,  represents  in  lbs.  the  force  exerted. 
Another  dynamometer  is  often  used,  similar  in  construction  to  the 
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bi,  only  thmi  tfie  force  h  exerted  at  the  points  a  and  b,  fig.  7,  wbicli 
m  Da.ftd#»  tit  appnifttfh  by  a  conlrimnc6  similar  to  that  showti  in  fig*  5. 

h  h  vxidt^al  that,  m  this  \mt  atrrtngement,  the  force  is  applie*!  in  the 
tonst  fiiTomble  pfj'fitioo  fur  producing  tlie  inaxiriium  t?feci  in  coltApKiog 
the  Dpring  ;  while  in  Reyuicr's  dytiftmo meter,  the  force  is  applied  where 
only  the  miiiimqm  efTecl  is  prt>dticed,  and  the  instrument  m  thereforij 
fItMraMy  employed  for  determining  only  Tery  conftidcrnble  furcei*, 
IB.  S(|«iUbiiwB. — When  all  the  ft>rce8  ftctitig  on  u  luniy  are  tnu- 
oootiterbulunced,  or  nputralize*]^  they,  and  the  Ixidy  on  which 
^t,  life  said  be  in  cqttUibrivm.    The  word  rcpMC  and  equHifji'mm 
•r*  to  be  carefully  difitinguished,  however,  b»  signifying  difiuirent  t-un- 
ditiona  of  a  h>dv,    no|;Hj«e  implies  simply  a  »lti!c  of  Te£>t,  -nithuut 
bToMag  any  idea  of  motion.  Equilibrium  signifies  the  stnte  of  a  body 
,  eubtiiitteil  to  aetitin  of  any  number  cifforceji,  i»  still  in  tho  ^auie 
'tHi  a*i  if  these  forces  did  not  act.    By  ths  deflnitiun  i>f  inertia 
y  may  b«  in  tuutiim  iiiithuut  being  submitted  to  tlie  action 
~,  and  it  may  even  ccmtinuo  its  moiion  undisturbed^  olthum^h 
il  bteomea  «ult|ect  to  f(>rce$  producing  eq[uinUriuni,  &ince  sued  force s 
mutually  neutralise  each  other.  Equilibrium  does  not  thereforB  itiulude 
[tiie  idifa  vf  immobility,  and  thus  the  irorJ»  repose  and  cc|uilibrium  have 
aigtiifitmtiona  cffdentially  unlike. 

Krruilibriuin  may  exist  without  any  point  of  support  or  apparent 
r  A  balloon  in  tbe  air,  or  a  fish  id  llie  w  atcr,  are  esanipleSi 

1  iUofm  and  fi^h  are  balanced  by  eonnteracting  forces  hereafter 

eiplained.  What  are  familiaHy  known  as  examples  of  stable  or  unstor 
bla  ciqiillibrium  are  only  «peetal  cases  of  the  action  of  the  force  of 
paTity,  to  be  explained  in  their  proper  place. 

39.  SUtical  and  Dynamical  {QTCOB.—Sfalien  is  the  science  of 
-  ilibritJiii.    It  considers  the  relatione  existing  between  the  three 

(  which  are  involved  in  the  cnse  of  every  force,  in  order 

I  .        '  0  may  resutt,  Archimedes  was  the  author  of  this  portion 
■itd»ULical  science, 
PptmmicM  c^JOiiiders  the  molione  which  forces  produce.    The  fonnda- 
ut  of  tliU  part  of  tnechtunical  science  were  laid  by  GolUeo  in  the 
of  the  Mventeenlii  century. 

and  JltfdyodtjnamicM  ore  the  principles  of  statics  and 
'-d  to  the  phenomena  of  rest  and  motion  in  fluids, 
-i*5uui^iHm  between  utatics  and  dynamics  is  so  far  artificial  that 
ay*  aceurding  to  circumstancep,  prnduce  either  pre»- 
witliout  any  change  in  the  nature  of  the  force. 

40.  Dinctlon  of  forc«.— It  Is  Bclf-etident  that  tbe  direction  in 
A  Sure*     applied  must  determine  the  direction  in  which  the 
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body  receiving  the  furce  will  move,  if  motioD  results,  or  of  the  result* 
ing  pressure,  if  the  body  is  not  free  to  move. 

Moreover,  the  action  of  a  force  upon  a  body  is  independent  of  its  state 
of  rest  or  motion.  Daily  experience  and  observation  confirm  this  state- 
ment, which  is  also  susceptible  of  experimental  proof. 

It  follows :  1st  That  if  two  or  more  forces  act  upon  a  body  at  the  same 
time,  each  of  these  forces  produces  the  same  efiect  as  if  it  acted  alone, 
since  the  effect  which  each  produces  is  not  dependent  upon  any  motion 
which  the  others  are  capable  of  producing  in  the  same  body. 

2d.  Therefore,  a  body  under  the  influence  of  a  force,  constant  both 
in  direction  and  intensity,  moves  with  a  constantly  accelerated  velocity; 
for  as  in  each  second  the  variation  of  velocity,  is  the  same,  in  t 
seconds  it  will  be  =  vt ;  i.  e.,  at  the  end  of  2  seconds  it  will  be  2d,  of 
3  seconds  3d,  and  so  on.  In  other  words,  it  is  proportional  to  the  time. 
Reciprocally,  3d.  A  body  moving  in  a  right  line  with  a  uniform  accele- 
ration is  actuated  by  a  force  of  constant  intensity  acting  in  the  direction 
of  its  motion. 

41.  Measure  of  forces.  Mass. — In  mechanics  forces  are  usually 
measured  by  their  effects  rather  than  by  weight.  The  effects  of  a  force 
depend,  other  things  being  equal,  on  the  mass  of  the  body  acted  on. 

The  mass  of  a  body  is  the  quantity  of  matter  the  body  contains,  and 
is  proportional,  in  the  same  substance,  to  the  number  of  its  molecules. 
Masses  are  equal  when,  after  receiving  for  an  equal  time  the  impulse  of 
an  equal  and  constant  force,  they  acquire  equal  velocities. 

Since  we  know  forces  only  by  their  effects,  that  is  by  the  amount  of 
motion  or  pressure  they  produce,  let  ns  look  for  a  just  measure  of  any 
given  force  in  the  amount  of  motion  which  it  causes.  The  following 
four  propositions  will  render  this  subject  clear. 

42.  Propositions  in  regard  to  forces. — Pboposition  I.  Two  con- 
stant  forces  are  to  each  other  as  the  masses  to  which  in  equal  times  they 
impart  equal  velocities. 

Consider,  for  example,  n  equal  forces  /,/,/,  parallel  to  each  other,  acting  npon 
n  equal  masses  m,  m,  m.  These  masses  receive  equal  velocities,  and  conse* 
qucntly  preserve  the  same  relative  positions,  and  we  readily  conceive  of  them, 
therefore,  as  bound  together  to  form  one  mass  eqaal  to  n  X  *».  This  compound 
mass  (n  X  "')>  order  that  it  may  possess  the  same  velocity,  r,  which  any 
singlo  maji.«,  »»,  receives  from  /,  must  bo  acted  on  by  the  force  ii  X/- 

Propositiox  II.  Tu}0  constant  forces  are  to  each  other  as  the  vdoeilies 
which  they  impress^  during  the  same  timCy  upon  tvoo  equal  masses. 

Suppose  two  forces  F  and  to  be  commensurable,  and  let  I  be  their  common 
measure,  so  that  F  =  nl  and  F'  —  n'l.  Represent  also  by  u  the  velocity 
which  the  force  I  imparts  at  the  end  of  a  given  time  to  the  common  mass.  The 
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IWvt«i  wtll  impart  !o  ihla  mw  Ihe  vdocitj  V=  «m,  ainre  a»ah  force  eqflftl 
H  J  artf  M  if  U  were  itonc  i  in  tiko  tnander  the  force  n'l  witl  impart  iLu  tvIo- 
IT  —        to  thti  titniits  utAjf,    Tbtfaeo  follows  ihU  pmportioo, 
■i  t  ii'l  ^  o*  E  rt'w,  Of  F;      =  7  ;  F  wbii'h  wm  td  bo  prcn  ed. 
tf  Ifai  flMrec!*  cumpurcd  are  ml  dotamcniiiirablc,  we  mujt  tukc  /  inffuitely  imnll. 

P«imsiTit)K  IIL  Two  comtani  ffireeit  are  io  mch  other  as  the  pi^odifctx 
tf  the  m«s9U  i»y  ih$  rdoeiticJt  which  they  impart  to  Uiest  maitua  in  the 

Let  I'  be  two  f«n<«s  u Mug  on  the  twa  masses  M  M',  und  imparting  to  ttiem, 
lA  tbXttJ  of  «iuii«  Ittne,  Iho  riflocities  Piuid  F ;  ■Un  coti  eider /&ti(»t  Her  forco 
tills  t»  impzrt  to  the  mtut  \u  the  iama  time,  Ihn  \e\oehj  V* }  coupariQg  ttio 
farm  i"  mnA /,  wliicli  in  tiici'  givirn  timti  impurt  to  ec|ual  niMMff  JVIT  ntieqii^  win- 
rtliM  T  mad  V,  U  ftjllow*  frouj  PfopotiiioQ  II.  tbat/':/=  T: 

C<»m|Tftfi£ig  the  f-.>r*?<?# / and  Z'',  wbicb  impart  to  anequ»l  niMsei  Jf  end  J/'  eqaai 
Tttlikcvlicc  F  JMid  F,  It  follciws  from  Pfop[>aUi<m  I*  iliBt:— /:  f  —  J/ 1  i/'. 

Ifttttipljin^  the  two  propositi und  t^fin  by  lemi  w*  baVft  ^     F:  Jf' Fi 

Ffomi  these  prmdplea  it  fulluwe,  that  the  measure  of  any  force  is 
i>l)(ftrii«d  by  ftfelecting  aome  unit  of  fttrca  to  iier\*e  n  tprni  of  cum  pari- 
f<>r  all  other  foroea ;  such  a  force  acting  on  a  unit  of  miis*,  during 
««cond  (llie  unit  of  time),  shouW  impjirE  to  it  a  velocity  iif  aeeeio- 
ftOaau  of  ouo  fwt,  one  yan],  odo  metre,  or  uny  other  arbitrary  measure, 
u  oov  f{K>t  per  second,  which  tatter  measure  adopt. 

%j  |nrop«aitinti  l^erlar]  wo  foil  then  fiti<1  thu  rel&tlon  thaX  any  for^e  Kcttng 
M  *  mm$  tif  mfttler  during  one  second,  will  bejir  the  unit  ef  force.  For  if 
JT  b  the  fiuit  of  fwrfo  in  tbi;  proportion  :  =  3fV  i  M'  V^,  tben,  by  the  dell- 
altioB^  both  it^  And  F  »r«  p)|ua1  to  unity,  and  we  hava  F  ^  MY,  Th&l  ia, 
aeeorilitig  In  tU<n  dvHuti*»n,  cgDtn.inj*  Ibc  unit  of  force  lu  m^j  timcn  u  there 
wo  ttiiili  iQ  ibe  product  of  tttc  number  Jf  intd  the  duiiilHir  V.  AAsnme,  ftir 
«XUDp]«,  th»t  the  tflJif*  (noviwi  is  ri:jtid1  to  fix  unita  ofmnsp*  imtl  (ho  nere/<rtiAf((i 
«  In  m  unit  of  ittna  t«  «i|tiJil  t<>  ten  Tct^t,  tbi^i}  ibo  int«nHity  of  tbe  force  it  ctyxiiiX 
|«  «Uty«  t      tij.(y  time*  thu  unit  of  force.    Hence  wo  deduce  tbo  fullowiogi — 

PKoroi^tfrox  IV.  The  mfasurtof  a  force  it  Ihe  product  of  f he  maf* 

hff  the  aceekration,  or  vtloeiltj^  imparted  in  a  untt  of  ((me.* 
471*  Uomentiun. — The  piomentutn  of  a  moring  body  h  its  anioijiit 
of  inivtion,  or  li9  tendency  to  cxHitiuue  in  motion.  The  momentum  i>f 
ft  Ifpiy  la  equal  (o  its  itui?*  multiplied  by  its  Tekn.'iity.  Whco  a  force 
utu  u(Mjn  Ok  tifKly,  frcG  to  inove,  It  pr4>ducea  its  effect  as  floon  as  motion 
ia  dllfuiMi  ftiaong  all  the  molecules,  and  the  forco  ts  then  transferred 
nto      folmtuicc  af  the  moving  body.    In  consequence  of  the  inertia 


la  sil  tiie  prppotitioni  ralntlnj^  to  vctocity  m  il  m^Htture  of  forcct,  then  \r 
tu  W  no  n>*iitAncv  to  maiiou^  tlic  fercm  acting  uuiy  t<i  uvcjxnwe'  tLe 
«f  ||»«  bt>4y. 
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of  matter  (26),  if  the  moving  body  should  meet  no  resistance,  it  would 
continue  to  move  with  the  same  Telocity,  and  in  the  same  direction, 
for  ever. 

The  expression  Mo  represents  the  intensity  of  the  force  which  has 
set  the  body  in  motion,  and  JfT  represents  the  amount  of  force  that  is 
at  any  time  accumulated  and  retained  by  the  inertia  of  the  moving 
body.  In  either  case  the  moving  body  is  supposed  to  encounter  no 
resistance  from  any  other  object. 

It  is  a  fundamental  principle  in  mechanics  that  the  same  force  acting  upon 
different  bodies  in  similar  circumstances  imparts  velocities  in  the  inverse  ratio 
of  their  quantities  of  matter.  If  the  same  force,  in  the  absence  of  resistance, 
■ucccssivelj  projected  balls  whose  masses  were  as  the  numbers  1,  2,  3,  Ao.,  it 
would  impart  to  them  the  velocities  1,  |,  Ac,  so  that  a  mass  ten  times 
greater  would  acquire  a  velocity  of  only  The  product  of  each  of  these 

masses  into  its  velocity  is  the  same,  for  1  X  1  =  1,  2  X  }  =  1,  Ac. 

When  a  moving  body  encounters  resistance,  depending  not  only  upon  inertia, 
but  also  upon  other  properties  of  matter,  the  effects  produced  depend  upon  the 
rapidity  with  which  the  force,  expressed  by  momentum,  is  brought  to  act  upon 
the  opposing  body.  This  class  of  effects  are,  therefore,  proportioned  to  momen- 
tum, multiplied  by  velocity.  This  product  is  called  ri«  n'ra,  the  applica- 
tion of  which  to  practical  mechanics  will  be  explained  hereafter  (111).  By  the 
principle  that  action  and  reaction  are  equal  (27),  we  know  that  when  a  musket 
is  discharged  the  force  of  the  explosion  reacts  upon  the  musket  with  the  same 
intensity  as  it  projects  the  ball.  According  to  the  principles  of  momentum,  the 
weight  of  the  gun,  multiplied  by  the  velocity  of  the  recoil,  must  be  equal  to 
the  weight  of  the  ball,  multiplied  by  the  velocity  of  its  projection,  yet  the  recoil 
of  the  gun  is  received  by  the  sportsmen  with  perfect  impunity,  while  the  moving 
ball  deals  death  or  destruction  to  opposing  objects. 

III.   COVPOSITION  OF  FORCES. 

44.  System  of  forces.  Components  and  resultant. — ^Whatever 
may  be  the  number  and  direction  of  forces  acting  upon  one  point,  they 
can  impart  motion  or  pressure  in  only  one  direction.  AVe  therefore 
assume,  that  there  is  a  single  force  which  can  produce  the  same  action 
OS  the  system  of  forces,  and  may  replace  them.  This  is  called  the 
resultant,  and  the  forces  to  whose  effect  it  is  equivalent,  arc  termed  the 
components.  The  components  and  resultant  may  be  interchanged 
without  changing  the  condition  of  the  body  acted  on,  or  the  mechanical 
effect  of  the  forces  themselves. 

A  force  is  therefore  mechanically  equivalent  to  the  sum  of  its  com- 
ponents. On  the  other  hand,  any  number  of  forces  are  mechanically 
equivalent  to  their  resultant.  As  we  know  forces  only  by  their  effects 
in  producing  motion  or  pressure,  any  forces  which  produce  equal 
motions  or  pressures  are  equal.  We  shall  proceed  to  illustrate  this 
proposition  in  a  few  particular  cases. 

45.  The  parallelogram  of  forces. — It  has  already  been  stated  that 
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n  three 


mMj  bo  repreeonted  hy  lines,  botii  In  directign  and  iniensiij; 
ilio,  tliMt  two  fiiTces  ifccting  on  tlie  »&me  or  equal  ma^^eB  of  mattert 
to  4»Qh  ut  h«r      liieir  velueitieA,  op      i  F''  —  V  :  P''.    The  aame 
pftn<t|i)c»  will  therefore  ftpf*ly  to  the  (^anibmations  of  forces  that  applj 
U  ih*  oonaliination*  of  velocities  or  of  tnotuitis. 

Wben  teTAral  furces  act  on  a  bi>d_>',  thej  may  be  armng&d  m  three 
vajn,  acctjrdmg  t*t  their  direction.    The  forces  may  act, 

1,  AM  in  one  dlrectiun  ; 

2.  Ill  exat'tly  opposite  directions ;  or 

In  U»e  first  caste,  tho  resultattt  i»  the  Fum  of  all  the  force*,  and  the 
dinvtion  i»  unalt«!red.  In  the  Eteci^nd,  the  resultant  la  the  diSbreoee 
of  llie  forcen,  antl  takes  the  direction  of  the  greater.  If  opposite  forees 
•ft  ci^oat,  tiic  resultant  b  nothing,  and  no  motiun  la  pruduee«1.  In  the 
lJiii4  eMC,  a  ri'dullaot  is  fonnd  lo  two  forces,  whether  equnl  or  unequal, 
hj  the  pnrn11el*i{;r»m  of  fum^s,  according  to  the  fiflbwin*^  law.  By 
amjf  mmmltrr  of  futft*  mctitinj  tmjrthtr  Jhr  a  gittn  Umt^  a  Jmly  i>  hrtrnght 
i4e  mme place  a#  tf  earh  of  the  forc^i^  or  one  equal  atid  paralld  io  it> 
W  «ded  on  the  body  Mtparatehj  and  mi^^wimly  ff>r  an  equal  time. 

SttpptMte  twi>  forces,  at  right  angles  to  each  other,  act  liimultaneoui 
00  tbe  potat  a,  fig,  8,  one  in  the  direction  q  r, 
aad  itUter  in  the  dirw^'tioo  a  y.  Let  one 
ivTcr  be  «iich  that,  in  a  given  timet  *  neoond, 
il  vitl  move  the  point  from  a  to  6,  irhile  the 
will,  ill  tlf4^  «^]Mii(>  Itriie^  mtivc  it  from  a  bO 
bj  ihe  joint  nt^tiun  of  buth  furccs  it  will 
b«linp<rtled  tor  in  the  earae  lime.  Tho  6rst 
hy  it«  ftvparatti  aetic>n,  wutild  impel  the 

to  6  in  one  aciCimil^  and  if  it  were  then      oeaae,  the  aecond  force, 
e  e«|oal  and  parallel  to  it,  would  impel  the  hody  U*  r  in  the  same 
w  tjiii  bt*dy  iuif;ht  he  curried  from  ts  fcu  c,  and  from  c  tt>  r ;  in 
«ilb«r  caae  the  resuU  ta  the  same. 


lfah  =  Xac—T,  and  <i  r  =  i?,  then  R  —  y/X^  r*. 
•AglU  re  6  =  *     COS.  (^  =  \,     and  *in.  a  =  -J  . 


If  we  call 


gain,  noppofle  the  ftirccs  act  at  an  ohlique  nn»;le;  let  the  p<r(int 
0^  9,  hn  on  by  two  forct*n  in  the  direct uins  P  A  and  P  B.  On 

•oro  I*  a.  contftinifti*  m  mxmy  unitn  of  length  m  the  force  A 
iinitJ*  (yi  force:  and  on  P  B  take  P  6  in  the  wame  nianiver. 
CkinpUt4>  Iho   |mri»lkd'>^nim  P  «  <?  6 ;  the  diagonal  P  c  will  repre- 
llt43  direction  of  a  »lngb  force     efjuivalcnt  to  the  combined  eflfecl 


&1! 
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of  A  and  B,  and  P  e  will  contain  as  many  units  in  length  as  C  con- 
tains units  of  force. 

In  the  same  manner  a  result-  9 
ant  may  be  found  for  three  or 
any  number  of  motive  forces,  by 
compounding  them,  two  by  two, 
Huccessively. 

In  the  triangle  P  a  e,  fig.  0,  the 
sides  a  P  and  a  c  =  P  are  known, 
and  also  the  angle  P  a  c,  which  is 
the  supplement  of  the  angle  a  P  6, 
ftrmed  by  the  directions  of  the 
forces.  We  may  therefore  calculate 
the  side  Pe,  that  is,  the  intensity 
of  the  resultant,  and  the  angle 
a  P  e,  which  determines  its  direc- 
tion. 

Let  the  point  a,  fig.  10,  be  subjected  to  the  forces  whose  magnitudes 
and  directions  are  represented  by  the  lines  a  6,  a  G,  and  a  d.  We  first 
take  any  two  which  lie  in 
the  same  plane,  as  a  6  and 
a  G,  and  find  their  result- 
ant a  X ;  and  compounding 
this  with  the  third  force  a  d, 
we  find  ay,  which  will  re- 
present the  magnitude  and 
direction  of  the  general  re- 
sultant of  all  three  forces. 

The  resultant  of  any  num- 
ber of  forces  can  therefore 
bo  determined  by  geometrical  construction,  or  calculated  from  well 
known  geometrical  principles. 

This  system  of  compounding  forces  is  called  the  parallelogram  of 
forces,  and  applies  equally  to  the  combination  of  velocities  or  motions. 

In  order  that  the  body  may  move  in  the  straight  line  a  r  (fig.  8),  the 
two  forces  must  act  in  the  same  manner.  They  may  be  instantaneous  im- 
pulses, which  will  cause  uniform  motion  ;  or  both  may  act  continuously 
and  uniformly,  so  as  to  produce  a  uniformly  accelerated  motion ;  or, 
both  forces  may  act  with  a  constantly  varying  intensity,  increasing  or 
diminishing  at  the  same  rate,  and  the  body  will  still  move  in  a  straight 
line.  But  if  one  force  is  instantaneous  and  the  other  constant,  or  one 
constant  and  the  other  variable,  or  both  varying  by  different  laws,  then 
th3  body  will  move  in  a  curve ;  but  in  every  case  it  will  reach  the  point 
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r  in  the  aame  time  that  it  would  have  passed  from  a  to  &,  or  from  a  to 
by  the  separate  action  of  either  force. 

If  the  three  forces  a  b.  a  C,  and  a  <f,  all  pass  through  the  same  point, 
we  may  construct  a  parallelopipedun,  as  shown  in  fig.  10,  and  a  the 
diagonal  of  the  parallelopipedon,  will  represent  the  direction  and  inten- 
sity of  the  resultant  force.  This  method  of  compounding  forces  is  called 
the  parallelopipedon  of  forces. 

Examples  of  the  composition  of  motion  and  force  are  of 
constant  and  familiar  occurrence. 

A  man  in  swimming,  impels  himself  in  a  direction  perpendicular  to  his  feet 
aad  hands,  and  if  the  forces  are  equal  on  each  side,  he  will  more  in  a  resultant 
line,  passing  through  the  centre  of  his  body.  Another  instance  is  the  flight  of 
birds.  While  flying,  their  wings  perform  symmetrical  movements,  and  strike 
against  the  air  with  equal  force. 

In  the  case  of  flying  birds,  the  resistance  of  the  air  is  perpendicular 
to  the  surface  of  the  wings,  and  11 
may  be  represented,  fig.  11,  by 
C  A  and  D  A,  at  right  angles  to 
their  surface.    Neither  of  these 
pr»?iJsures  tends  to  impel  the  bird 

Btrai;:;ht  f  irward,  but  it  moves  in  -..E 
their  remUaut ;  fur  if  the  wings 
are  efjually  extended,  and  act  with 
e^ual  force,  the  lines  C  A  and  D  A 
make  equal  angles  with  A  B,  p.ass- 
ing  through  the  centre  of  the  bird, 
and  hence  their  diagonal,  or  A  G, 
the  diagonal  of  equal   parts  of 

them,  will  coincide  with  A  B,  and  the  bird  will  fly  directly  forward. 

40.  Parallel  forces.  Resultant  of  unequal  parallel  forces. — 
Two  forces,  acting  side  by  side,  produce  the  same  effect  as  if  they  were 
in  the  (*ame  straight  line.  Two  horses  drawing  a  cart  is  an  example. 
Hence  the  resultant  of  two  parallel  forces  acting  in  the  same  direction 
is  equal  to  their  sum,  and  is  parallel  to  them,  and  when  they  are  equals 
is  applied  midway  between  them. 

If  the  parallel  forces  are  unequal,  the  point  of  application  of  the 
resultant  may  be  found  by  the  following  experiment.  Let  A  B,  fig.  12, 
a  bar  of  uniform  thickness  and  density,  be  balanced  on  its  centre  C. 
We  may  suppose  the  bar  to  be  divided  into  two,  A  D  and  D  B,  of 
unequal  lengths,  which  might  also  be  balanced  on  their  centres  E 
and  F.  Now  we  have  two  parallel  and  unequal  forces — the  weight 
of  A  D  and  the  weight  of  D  B — whose  resultant  is  not  midway 
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between  their  points  of  applicstion,  E  and  F,  bat  panes  throagh  C, 

which  is  nearer  £  than  F  in  the  exact  ratio  tliat  the  force  at  E  exceeds 

that  at  F ;  for  the  weighU  IS 

of  the  two  bars  are  as  their  ^ 

lengths,  and  C  E  measures      ^  ^  5  ^ 

half  the  length  DB,  and  ^  7 

so  that  C  E  is  to  C  F  tn-  ^  /_! 


C  F  half  the  length  of  A  D ; 


5TS 


tersely  as  the  weight  at  E  is 

to  the  weight  at  F.    The  truth  of  this  conclusion  may  be  tested  by 
pending  at  E  and  F  two  additional  weights  which  hare  the  same  ratio 
to  each  other  as  A  D  to  D  B,  and  the  equilibrium  will  be  undisturbed. 

Hence  the  resultant  of  two  parallel  but  unequal  forces  is  equal  to 
their  sum,  and  its  distances  from  them  are  inversely  as  their  intensities. 
Thus,  in  fig.  13,  if  any  two  parallel  13 
forces  act  at  A  and  A^  and  their  inten- 
sities are  expressed  by  A  B  and  B^, 
tlien  their  resultant  will  be  repre- 
sented by  P  R,  provided  it  acts  at  P, 
a  point  so  situated  that  P  A'^ :  P  A  = 
A  B :  A'  B'.   The  same  will  be  true 
whatever  be  the  common  direction  of 
tlie  forces ;  if  the  positions  uf  A  B  and  "  *  c 

V  B^  are  changed  to  A  C  nnd  A^ 

tlien  P  R  must  move  to  P       and  equilibrium  equally  obtains. 

47.  Reaaltant  of  two  paraUel  forces  acting  in  opposite  direc- 
tions.— The  resultant  of  two  parallel  forces,  which  14 

net  in  opposite  directions,  is  found  by  the  same  con- 
struction as  before,  but  it  is  equal  to  the  difference 
of  the  intensities  of  its  components,  and  takes  the 
direction  of  the  greater.  Its  point  of  application, 
fig.  14,  is  in  the  prolongation  of  the  line  A  B,  at  the 
point  C,  situated  so  that  C  B  and  G  A  are  in  the  in- 
verse ratio  of  the  forces  Q  and  P.  The  point  C  will 
be  further  removed  as  the  difference  between  the 
forces  P  and  Q  are  diminished,  so  that  if  the  forces 
were  equal,  the  resultant  would  be  nothing,  and  situated  at  an  infinite 
distance. 

The  general  resultant  of  any  number  of  parallel  forces  may  be  found 
by  compounding  them,  successively,  two  by  two,  in  the  methods  already 
prescribed. 

48.  Conples. — Whenever  a  body  is  solicited  by  two  forces  which 
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ii«  equal,  parallel,  and  acting  in  opposite  directions,  it  is  impossible  to 
lepUee  them,  or  produce  equilibrium  by  a  single  force.  Such  a  sys- 
tem of  forces  is  called  a  couple^  and  its  tendency  is  to  produce  re  vol  u 
tioo  around  an  axis.  In  this  case,  the  value  of  the  resultant  is  evidently 
equal  to  zero,  and  the  point  of  application  is  also  at  an  infinite  distance 
from  the  points  of  application  of  the  two  equal  components. 

49.  Two  forces  not  parallel  and  applied  to  different  points 
may  have  a  resultant,  if  they  lie  in  the  same  plane.  It  is  found  by 
extending  the  lines  of  direction  until  they  intersect.  But  if  the  forces 
are  not  parallel,  and  lie  in  different  planes,  then  the  directions,  though 
infinitely  prolonged,  will  never  intersect,  and  they  cannot  have  any 
single  resultant,  or  be  in  equilibrium  by  any  single  force. 

50.  The  resolution  of  forces  is  the  converse  of  their  composition. 
Since  two  or  more  forces  can  be  replaced  by  a  single  force,  so,  com- 
monly, we  may  substitute  two  or  more  forces  for  one ;  and  since  an 
mfinite  number  of  systems  may  have  the  same  resultant,  conversely, 
one  force  may  be  replaced  in  innumerable  ways  by  a  system  of  several 
forces.  But  if  one  of  two  required  components  is  given  in  magnitude 
and  direction,  there  can  be  but  one  solution,  and  the  problem  is 
definite. 

When  a  force  acts  upon  a  body  at  any  other  than  a  right  angle,  a 
part  of  its  effect  is  lost.    By  resolving  such  an  oblique  force  into  two, 
one  parallel,  and  the  other  perpendicular  15 
to  the  body,  the  latter  component  will  re-  j^f 


1^ 


pwent  the  actual  force  produced.  Let  a  6, 
fi;^.  15,  represent  a  force  acting  under  the 
angle  a  h  c  against  the  surface  M  N.  Re- 
solve a  b  into  a  c  perpendicular  to  M  N, 
and  a  d  parallel  with  it ;  then  a  c  will  he 
the  absolute  effect  of  the  force,  and  a  h — 

N 

a    is  the  loss. 

Example  of  the  resolution  of  force. — The  sailing  of  a  boat  in  a 
direction  different  from  the  wind  is  a  most  familiar  illustration  of  these 
principles.  For  example:  the  wind  blows  in  the  direction  ra,  fig.  16, 
oblique  to  the  sail,  and  to  the  course  of  the  boat,  and  its  force  is 
resolved  into  two  components,  one  acting  in  the  direction  ca,  impelling 
the  boat  on  its  course  in  the  line  of  least  resistance,  the  other  in  the 
direction  6  a,  acting  to  carry  the  boat  laterally  on  in  the  line  of  greatest 
renistance.  As  the  model  of  the  boat  allows  it  to  a«ivancc  freely  through 
the  water  in  the  direction  ca,  while  it  offers  great  resistance  to  lateral 
motion,  the  force  of  the  wind  resolved  in  the  direction  h  a  produces 
Httle  effect  upon  the  motion  of  the  boat,  she  being  held  to  her  course 
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by  the  rudder.  A  skillful  sailor  can,  by  thus  availing  himself  of  the 
principles  of  resolution  of  force,  sail  his  vessel  on  a  course  within  five 


16 


or  six  points*  of  being  directly  opposed  to  the  wind  which  impels  it. 

IV.   CURVILINEAR  MOTION — CENTRAL  FORCES. 

51.  Of  curvilinear  motion. — It  has  been  shown  that  a  body  acted 
upon  by  two  forces  will  move  in  a  direction  which  is  the  resultant  of 
the  two  forces.  If  one  of  two  forces  acting  upon  a  body  is  a  continu- 
ous force,  acting  in  a  direction  tending  to  turn  the  body  out  of  the 
course  it  receives  from  the  other,  the  resultant  will  not  be  a  straight 
line,  but  a  curve,  having  its  concavity  turned  towards  the  direction  of 
the  continuous  force.  If  at  any  instant  the  continuous  force  ceases  to 
act,  the  body  will  continue  to  move  in  the  direction  in  which  it  was 
moving  when  the  constant  force  ceased  to  act.  This  direction  will  be  a 
tangent  to  the  curve  at  that  point. 

52.  Centrifugal  and  centripetal  forces. — Let  us  consider  a  mate- 
rial point  moving  with  a  uniform  velocity  in  the  circumference  of  a 
circle.  The  resultant  of  the  forces  acting  on  the  particle  will,  there- 
fore, by  the  necessity  of  the  case,  pass  through  the  circumference  of 
the  circle.  In  this  case  the  force  which  prevents  the  moving  particle 
from  darting  off  in  a  tangent  to  the  circle  is  called  the- centripetal,  or 
centre-seeking,  force.  This  force  at  every  instant  arrests  the  tendency 
of  the  particle  to  fly  away  iroxn  the  centre.  The  tendency  of  the  par- 
ticle to  fly  away  from  the  centre  is  called  the  centri/itgal,  or  centre- 
fiying,  force.  Tliese  two  forces  are,  together,  termed  central  forces. 
They  are  necessarily  antagonistic  to  each  other  at  every  instant  of  cur- 
vilinear motion. 


*  A  circle  is  divided  into  four  quadrants,  and  each  quadrant  into  eight  points, 
according  to  tho  phraseology  of  seamen. 
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To  ndcntand  the  asUgODism  of  central  forces,  take  mc,  ig.  17,  aa  infl. 
■iicly  naall  are  of  the  eircamfcrenec,  and  making  17 
with  the  direction  e'  w  a,  of  the  preceding  clement 
r*  a,  an  infinitely  small  angle  amc.  Join  the  extremi- 
Uct  of  the  element  m  e  with  the  centre  of  the  circle  hy 
ibe  radii  m  C,  e  C,  and  draw  b  e  parallel  to  m  a.  Since 
■  e  in  considered  infinitely  small,  ae  and  mh  are 
parallel  to  each  other,  and  macb  is  a  parallelogram. 
Thcrefora  it  follows  bj  the  parallelogram  of  forces, 
that  while  the  bodj  was  moTing  over  the  arc  ■  e  it 
voald  in  the  same  time  hare  passed  orer  the  space 
•  a,  in  rirtue  of  the  Telocity  acquired  in  pasaiDg 
vTcr  e'  wif  if  no  other  force  intenrened ;  while  by  reason 
of  the  central  force  acting  from  si  to  c,  it  would  hare 
passed  OTcr  the  space  fr,  had  it  not  been  for  the 
original  impulse  e'oi.  This  is  the  centripetal  /orre, 
and,  compounded  with  the  original  impulse,  m,  the 
particle  follows  the  resultant  m  c. 

Draw  now  a  d  parallel  to  m  e,  forming  the  second  parallelogram  mead.  The 
Telocity  of  the  particle  following  the  diagonal  «i  a  may  be  decomposed  into  the 
two  components ;  one  at  c  in  the  path  of  the  circular  motion,  and  the  second 
md  following  the  radius.  This  quantity  (m  d)  represents  the  ceHtri/nyal  force, 
and  asaiil  =  ae  =  «6,  it  follows  that  at  each  instaut  of  the  circular  motion 
the  centripetal  and  centrifugal  forces  exactly  counterbalance  each  other,  and 
that  the  sole  resulting  motion  is  in  the  arc  mc.  If  at  any  ini<tant  the  centri- 
petal furce  ccaiics  to  act.  m  n,  the  resultant  of  the  furevs  m  c,  m  tf,  will  throw  the 
particle  in  the  path  of  the  line  e' m  a  tangent  to  m.  The  term  contrifufi^al  furco 
muft  not  be  understood  to  mean  a  force  which  would  cuu«e  the  body  to  fly 
directly  from  the  centre,  since  as  we  hare  seen  it  mutit  in  that  case  move  aUo 
LD  the  tangent. 

Examples  of  the  action  of  centrifugal  force. — A  stone  flies  from 
a  sling  with  a  velocity  equal  to  the  force  acquired  by  its  revolution  at 
the  moment  when,  by  releasing  one  of  the  strings  from  the  finger,  it 
flies  off  in  a  line  tangent  to  the  point  of  release.  The  water  flies  from 
a  grindstone,  or  mud  from  a  carriage  wheel,  whenever  the  centrifugal 
force  due  to  the  velocity  of  revolution  is  sufficient  to  overcome  the  force 
of  adhe!>ion.  The  rapidity  of  revolution  may  be  sufficient  in  a  grind- 
stone to  overcome  the  cohesion  of  the  particles  of  the  stone,  when  it 
bursts  with  a  loud  explosion,  carrying  death  and  destruction  in  its  path. 
A  pail  filled  with  water  may  be  whirled  with  such  velocity  that  the 
centrifugal  force  overcomes  the  force  of  gravity,  and  the  liquid  is  not 
spilled. 

53.  Experimental  demonstration  of  the  effects  of  centrifugal 
force. — The  effects  of  centrifugal  force  may  be  illustratcMi  by  the  appa- 
ratus represented  in  fig.  18.  A  wire  is  stretched  upon  a  frame  a  6,  con- 
nected with  an  upright  shaft,  which  is  made  to  revolve  rapidly  by  means 
uf  a  cord,  as  shown  in  the  figure.  Two  perforated  balls,  united  by  a  string. 
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slide  freely  upon  the  horizontal  wire.  If  the  two  sliding  balls  are  of  equal 
weight,  and  are  placed  at  equal  distances  from  the  axis  of  rotation,  still 

18 

z 

nnited  by  the  string,  they  will  retain  the  same  position  with  any  velo- 
city of  rotation  which  may  be  given  to  the  apparatus ;  but  if  one  of  the 
balls  is  more  distant  from  the  axis  than  the  other,  it  will  draw  the 
other  along  with  it,  and  both  balls  will  strike  the  support  on  the  same 
side,  provided  the  distance  between  the  balls  is  less  than  half  the  line 
a  b.  If  the  two  balls,  united  as  before,  and  placed  at  equal  distances 
from  the  axis,  have  unequal  masses,  the  heavier  ball  will  draw  the 
other  towards  its  own  side  of  the  apparatus.  Two  unequal  balls, 
united  iu  the  same  manner,  will  remain  at  rest,  if  their  distances  from 
the  axiH,  on  opposite  sides,  are  in  the  inverse  ratio  of  their  masses. 
Admitting  that  the  centrifugal  force  is  proportional  to  the  mass  of  the 
body,  these  experiments  prove  that  the  centrifugal  force  is  proportional 
to  the  radius  of  the  circle  described,  when  the  times  of  revolution  are 
the  same. 

To  demonstrate  the  effects  of  centrifugal  force  in  liquids,  the  appa- 
ratus shown  in  the  upper  part  of  fig.  19  is  attached  by  screws  to  the 
coupling  at  the  top  of  the  re-  19 
volving  shaft  shown  in  fig.  18. 
Two  fiosks  with  long  necks  are 
placed  obliquely,  communica- 
ting with  a  reservoir  filled  with 
liquid  placed  at  the  middle  of 
the  bar  which  supports  them. 
As  the  apparatus  is  rapidly  re- 
volved, the  liquid  rises  into  the  flasks,  and  again  descends  when  the 
motion  is  arrested.  If  the  vase,  fig.  £0,  containing  water,  is  attached  to 
the  machine,  and  made  to  revolve,  the  surface  of  the  water  becomes 
concave,  the  water  rising  by  the  sides  of  the  glass,  the  surface  becom- 
ing more  deeply  concave  as  the  motion  becomes  more  rapid.  The  piece 
of  apparatus  shown  at  the  bottom  of  fig.  19  carries  two  inclined  tubes, 
one  enclosing  water  and  a  metallic  ball,  tlie  other  water  and  a  ball  of 


MOTION  AND  FOaCE, 


SI 


'nji;  on  itfl  Harface.  An  the  rutntian  lecames  rapid,  tJte  yratm 
0  t«j>[v  of  the  twbes,  the  ball  of  wtxk]  then  descondB,  and  tukm 
t  p<»]tii>ti  ctu  the  inferior  surface  uf  the  liquid,  while  the  20 
invUHlc  txitl  advances  ihrutjgh  the  liquid,  and  ri>L'.s  to 
the  wost  eUvated  estremitjf  of  the  tube  whit,'h  cuntuiris  il, 
titt  liquid  itself  rising  to  the  exterior  end  of  the  lube. 

The  liiflerent  effect  upon  the  two  Vat  Is  results  froni  the 
fjwt  that  the  metal  has  &  greater  dioHs  than  an  equal 
Tolume  tif  the  liqtiidp  while  the  contrary  ie  true  of  tUo 
irqoii ;  the  centrifugal  fjrce  being  in  proportiuh  tii  the 
the  tendcntjy  h  to  cany  the  denser  substance  to  the 
ler  diFlunce  frnm  the  axis  of  rotation. 
If  »  tul*e  contaiofl  different  liquidi  incnpahle  of  acting  cbeuiically 
spoil  ftfteb  other,  they  will  plftoe  themBctves,  during  rupid  rotation,  in 
•yeb  an  order  that  the  denser  fluid  will  be  more  distant  froni  the  axU, 
Ui«  ootvftrd  tendentrj  being  directly  proportional  to  the  masa  of  nmtter 
in  m.  iprefi  irolume.  Thej<e  effects  do  not  take  plft*!e  till,  b^*  the  rapidit  j 
of  rerolutifm,  the  centrifiigttl  force  bccf>mes  ^renter  tlmn  Ihe  force  of 
fra^itj.  The  cotnmoti  otrculnr  or  fun  blowing  muchtne  ib  an  exitinple 
of  the  ftction  of  centrifugal  force  on  bodies  In  a  gasoiina  condition. 
A  (»tQtrifiiga]  pump  has  been  dc! vised  acting  in  thia  manner.  The  fan- 
falow«r  U  ttlio  ufted  as  a  ventiltitur,  drawing  its  supply  of  air  fri>ni  the 
Kpnce  to  be  ventilated,  to  s«[iply  that  thrown  out  by  the  tangential 
open  in  Uf. 

The  centrifagal  diying  machine  for  latindriea  cousiatfl  of  a 
mry  kfg^  upright  cylinder,  having  a  smaller  pylindflir  within  it.  The 
etrculur  chamber  between  the  Iwn  eylinders  in  closed  by  covers,  by  open- 
in  ji;  whii'h  th<*  Uncri  to  \hs  dried  can  be  introduced.  Tlie  bottom  of  this 
chiimlicr  i*  piercf'd  with  holes  like  a  eieve,  thrflugb  which  the  water 
etprT?B!t«?«l  fntm  lb*?  linen  can  flww  off.  A  rapid  rntatiun  being  given  lt> 
thin  i*tlindf?r,  the  Hncn,  by  the  eflect  of  centrifupal  force,  ifl  urged 
a^;iiiti9t  the  exterior  surfuce  <»f  the  eyiinder,  and  is  there  »quee*ed  with 
a  fi>rc«  which  Jncreases  with  the  rapidity  of  rofatinn,  by  the  effect  itf 
whir-li  the  water  is  prcseed  out  of  it,  and  cscapoa  through  the  boles  in 
tlic  bottom.  A  rotation  of  25  turns  per  pcccitid,  or  150(t  jier  minute,  U 
pv*»n  W  thtrse  drying  cylirlde^*»^  by  which  the  linen,  however  moist  it 
may  1*0,  i*  rcndcrcf!  so  nearly  dry  that  a  few  m  inn  lee*  exposure  in  the 
air  renders  it  perfectly  so.  In  large  liii'^n  man u factories  this  machine 
produce*  a  greal  sating  of  taUir  in  the  laundry  department, 

Ia  mottiin  uf  llie  1liciiv«iily  bmlici  Gad  ihi^  motl  wonderful  oxftinpkp 
«f  1^  •ciiuo  tit  ^uuiial  fure««,  vtinff  at  lbi>y  da  U*  prcrartt  the  mona  tfatn  fait' 
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ing  opon  the  eutli,  mmd  the  plaaeto  mto  the  wmm.  The  metiom  of  eentrifiigal 
force  will  be  fbrthcr  eoandered  im  coaDeeUoa  with  teirestriaJ  grarity. 

54.  Analysis  of  the  motion  pxodooed  bj  central  forces.  

Let  a  bodj  placed  at  a,  fig.  21.  receiTe  aa  impalM  which  wonld  carry  it  to  in 
one  second,  or  anj  small  portion  of  a  second,  and 
let  it  be  attracted  towards  c  bj  a  constant  force 
which  would  more  it  to  A  in  the  saiae  time  that  the 
first  impulse  would  carry  it  to  dy  then  by  the  prin- 
ciples of  the  composition  of  forces  it  will  be  found 
at  the  end  of  the  giren  time  at  and  if  the  attrac- 
tive force  should  then  cease  it  would  continue  to 
more  in  the  direction  emu  If  the  attractive  force 
continues,  the  body  will  be  found  at  9  at  the  end 
of  the  second  period.  Aa  the  central  force  is  con- 
tinually acting,  the  body  will  diverge  more  and 
more  from  the  direction  of  the  first  force,  and  will 
describe  a  curve.  As  the  attractive  force  acts 
always  towards  the  central  point  c,  the  body 
will  revolve  around  that  poinL  If  the  relation  of 
the  two  forces  is  such  that  ce,  eg,  Ac,  are  each 
equal  to  c  a,  the  curve  of  revolution  will  be  a 
circle.  In  most  other  cases  the  curve  of  revolution 
will  be  an  ellipse. 

If  the  curve  described  is  a  circle,  and  we  assume 
the  arc  a  «  to  be  very  small,  it  will  not  sensibly  differ  from  a  straight  line,  and 
according  to  well  known  geometrical  principles  we  shall  have  , 

ab  :  ae  =  at  i  ao. 


ab  = 


That  is,  the  centrifugal  and  centripetal  force*  of  a  h*tdg  deteribiny  a  circle 
leilk  uniform  velocity  are  directly  proportional  to  tke  tqttare  of  the  teloettg,  and 
inreraely  aa  tke  diameter  of  the  circle. 

The  relation  of  these  forces  may  be  expressed  differently.  Considering  a  e 
as  the  fpace  described  in  one  second,  it  will  be  the  velocity  of  the  body  ;  but  in 
curvilinear,  just  as  in  rectilinear  morcment,  the  velocity  is  equal  to  the  distanco 
diviilerl  by  the  time,  t.  equal  to  the  circumference  of  the  circle  divided  by  the 
time  of  revolution.  Let  li  represent  the  radius  of  the  circle,  T  the  time  of 
revolution,  c  the  velocity,  and  '  the  ratio  of  the  circumference  to  the  diameter,* 

and  we  shall  have  a  e  =  v  =  Substituting  this  value  of  a  e  In  the  pre- 

vious equation,  and  considering  that  00  =  2R,  we  shall  have 

Therefore  the  attractive  force  would  generate  in  one  second  a  Telocity 


*  Tho  ratio  of  the  circumference  of  a  circle  to  its  diameter  i*  3*14159,  and 
this  number  is  usually  represented  by  the  Greek  letter     in  mathematical  for- 

muliD. 
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tzprcssed  by  twice  a  h,  the  distance  passod  over,  equal  to  -^7"*  angular 

Telocity  per  lecond  is  expressed  by  the  actual  relocity,  dirided  by  the  radius ; 
ealUng  this  angular  velocity  V,  we  have 

The  etntn/ugal  or  {tehieh  i#  the  tame  thing)  the  centripetal  force  varies  directly 
ae  the  raditu  of  the  circle  of  revolution  mvltiplted  hy  the  equure  of  the  angular 
teloeity.  AUo  if  two  bodiee  mote  in  different  circle*  and  in  different  timetf  their 
eenttifugal  and  centripetal  fureet  will  be  directly  aa  the  radii  of  lheir  circle;  and 
intereely  at  the  equaree  of  the  times  of  revolution. 

It  is  also  erident  that  the  centrifugal  force  is  proportional  to  the  mass  of  the 
body. 

55.  Bohnenberger*8  apparattui. — In  consequence  of  the  operation 
of  the  law  of  inertia,  moving  bodies  preserre  their  planes  of  motion. 
This  is  true  as  well  of  planes  of  rotation  as  of  planes  in  a  rectilinear 
direction.  By  means  of  Bohnenberger's  apparatus 
we  may  illustrate  the  tendency  of  rotating  bodies 
to  preserve  their  plane  of  rotation,  and  the  invaria- 
bilitj  of  the  axis  of  the  earth  during  its  revolution. 
Bohnenberger's  apparatus  consists  of  three  rings, 
AAA,  fig.  22,  placed  one  within  the  other ;  the 
two  inner  ones  are  movable,  and  connected  by 
pins  at  right  angles  to  each  other,  in  the  same 
way  as  the  gimbals  that  support  a  compass.  In 
the  smallest  ring  there  is  a  heavy  metallic  ball 
B  supported  on  an  axis,  which  also  carries  a  little  pulley  c.  The  ball 
is  set  in  rapid  rotation  by  winding  a  small  cord  around  c,  and  suddenly 
pulling  it  off.  The  axis  of  the  ball  will  continue  in  the  same  direc- 
tion, no  matter  how  the  position  of  the  rings  may  be  altered ;  and  the 
ring  which  supports  it  will  resist  a  considerable  pressure  tending  to 
displace  it. 

56.  Parallelogram  of  rotations. — It  has  been  shown  (48)  that 
rotary  motion  is  produced  by  two  equal  parallel  forces  acting  in  oppo- 
site directions.  If  two  new  equal  parallel  forces  act  upon  the  same 
body,  tending  to  produce  rotation  about  another  axis  situated  in  the 
same  plane,  the  compound  resultant  will  tend  to  produce  rotation  about 
a  third  axis,  situated  in  the  same  plane,  between  the  directions  of  the 
other  two. 

Let  the  irregular  body  shown  in  fig,  23,  while  rotating  about  the  axis 
A  X  be  suddenly  acted  upon  by  forces  tending  to  produce  rotation  about 
the  axis  A  Y.   Suppose  the  parts  of  the  body  lying  between  A  X  and 
A  T  to  be  impelled  in  opposite  directions  by  the  two  rotary  forces. 
r> 


84 


PHTSICS  OF  SOLIDS  AND  FLUIDS. 


Take  any  point,  as  P,  and  drawing  from  P  perpendicalan  upon  the 
two  axis,  let  P C  =  y  and  PB  =  x,  also  let  23 
V  represent  the  angular  velocity  about  the 
axis  A  X,  and  t/  the  angular  velocity  about 
the  axis  A  Y,  then  will  vx  —  i/y  express 
the  resultant  force  exerted  upon  the  point 
P.  Now  since,  if  the  point  P  were  taken 
in  the  axis  A  X,  we  should  have  ex  =  0,  and 
if  P  were  taken  in  A  Y  we  should  have  t/y 
=  0,  it  is  evident  that  P  may  be  so  taken 
that  vx  —  t/if  =  0,  or  vx  =  v^y.  Lay  off  on  A  X  a  distance  A  E,  such 
that  A  E  :  A  C  ~  0 :  0^,  construct  the  parallelogram  A  C  D  £,  and  draw 
the  diagonal  A  D ;  then  AE:AC  =  DC:DE  =  r:p^  =  y:x.  But 
every  point  on  the  line  A  D  X'^  will  have  the  same  relation  to  the  axis 
AX  and  AY.  Hence  every  point  in  this  line  will  remain  at  rest,  and 
AX'"  becomes  the  resultant  axis  of  rotation,  in  virtue  of  the  forces  pre- 
viously tending  to  produce  rotation  about  the  two  component  axes. 

To  determine  the  velocity  of  rotation  about  the  resultant  axis  A  X', 
take  any  point,  as  C,  on  the  axis  A  Y.  At  this  point  v^y  =  0,  and  the 
point  C  has  no  tendency  to  move  except  that  given  by  the  moment  vx 
about  the  axis  A  X.  Draw  the  perpendiculars  C  R  and  C  Q  up(»n  A  X 
and  A  X''  respectively.  Represent  C  R  by  r,  and  C  Q  by  r^^,  and  denote 
the  angular  velocity  about  A  X'  by  v^^.  Now  as  the  distance  passed 
over  by  the  point  C  during  any  instant  depends  only  on  the  moment 
px,  it  will  be  the  same  whether  the  rotation  takes  place  about  A  X  or 

TV 

AJT;  hence  vr  =  tr^'r^', .'.  t/'  =  — .  The  triangles  ACDnrnl  ACE 

are  equal,  being  each  one-half  the parellelogram  A  ODE,  hence  ADX, 

CQ^AEXCR,  iindADXr^^  =  vr,  hence  ^  D  :=  ^7 .  Comparing 

this  equation  with  the  value  of  v^^  found  above,  we  find  that  v^^  =  AD. 
From  the  above  reasoning  it  appears  that, — 

Where  a  body  is  acted  upon  by  two  systems  of  forces^  landing  to  pro- 
duce rotations  about  tico  separate  axes,  lying  in  the  same  plane,  the 
remltant  motion  will  be  rotation  about  a  new  axis,  represented  in  direc- 
tion by  the  diagonal  of  a  parallelogram,  the  sides  of  which  will  be  repi'e- 
seiited  by  tlie  component  axes  of  rotation,  and  the  magnitudes  of  the  sides 
by  the  forces  tending  to  produce  rotation  about  those  axes.  The  velocity 
of  rotation  about  the  new  axis  rejyresented  in  direction  by  the  diagonal 
of  the  jtarallelogram,  will  be  measured  by  the  length  of  the  diagonal. 

From  the  same  principles  it  follows  that,  If  a  bodj  is  acted  upon  by  three 
systems  of  forces,  tending  to  produce  rotation  about  tbree  different  axes,  all 
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ptftiog  through  the  same  point,  the  resultant  motion  will  be  rotation  about  a 
new  axi<,  represented  in  direction  by  the  diagonal  of  a  parallelopipedon  formed 
on  the  original  axes  as  adjacent  edges,  with  the  magnitude  of  those  edges  corres- 
ponding to  the  respectire  forces  acting  abont  those  axes,  and  the  Telocity  of  the 
neir  rotation  will  be  represented  bj  the  length  of  the  diagonal  of  the  parallelo- 
pipedon. 

Iq  describing  rotary  motions  it  is  customary  to  speak  of  the  motion 
as  right-handed  or  positive,  or  as  left-handed  or  negatiTe. 

Let  A  X,  A  Y,  A  Z,  fig.  24,  be  three  rectangular  axM,  passing  through  the 
ynni  A,  which  if  called  the  origin  of  co-ordinates.  Distances  measured  from  A 
towards  either  X,  Y,  or  Z,  are  called  positive,  and  distances  measured  in  the 
opposite  directions  are  called  negatire.  If  a  body  rerolres  abont  either  of  these 
axes,  or  aboat  any  axis  drawn  through  A,  in  24 
inch  a  direction  as  to  appear,  to  an  eye  placed  / 
beyoud  it,  and  looking  towards  A,  to  move  in  [     ...  / 

the  same  direction  as  the  hands  of  a  watch,  / 
when  we  look  at  the  dial,  such  motion  is  /  -\ 

c«l]e<l  right-handed,  or  positive  rotation.    If  /  '1 

rotation  takes  place  in  the  opposite  direction,   B  ^  . 

it  is  called  left-handed,  or  negative.  If  a  body  .  """"-r:^  '^  ^ 

revolves  in  the  directions  shown  in  either  part  /    \/ j>  :  ; 

of  fig.  24,  the  rotation  is  called  right-handed,  ; 

or  positive.    If  the  three  axes,  A  X,  A  Y,  A  Z,  Z 

were  brou;cht  towards  each  other  till  they  co-  ^  ^ 

ini-i-k'.  tbc^e  rotatiuna  would  all  coincide  In 

dirs'f  tiofi. 

57.  The  gyroscope,  or  rotascope.  is  an  instrument  exhibiting  sotQ^ 
remark jible  results  of  the  combination  of  rotary  motions  and  wh'  k 
also  shows,  as  in  Bohnenberger's  apparatus,  the  tendency  of  rr^taii' 
b^ies  to  preserve  their  plane  of  rotation.   A  common  f.rm  of 
rwt;u<c<.pc,   fig.  25,    con-  j.^^^        ^^^^-^  centimetres.    (A.)  Keduce  o\ 
MsUiofanietal  ring,  A  B,    Reduce  7  gallons  to  litres  and  decimal  j^^'^i" 
iiisi<le  of  which  is  placed  :trc8  to  Englieh  pints. 

a  nietiillic  disk,  C  D,  Table  XL,— (a.)  25  inches  to  decimal  parts  of  « 
loaded  at  its  edge,  and  j*"  (*••)  75  feet  to  metres,    (rf.^  ^ 

which    turns    independ-,^';  ^^e  end  of  the  book,-ra.)  7*  pints  to 

ently  of  the  ring,  upongallons  to  cubic  centimetres,    (c.)  735  cubic  centi- 
the  axis.    Motion  is  com- 
municated by  means  of  a'roblems  on  Motion. 

c.jnl,  wound  around  thaily  over  a  distance  of  200  yards  in  I  Lour  and  6 
axis  of  tlie  disk  and  sud-icrioal  value  of  its  velocity,  according  to  the  usual 
denlv  drawn  off.  If,  when         «''«P»<^<^  ""'I  t"ne  ?  ' 

thedi.kis  rotatii.-rnpid  "^r"!!"  "'^'''"''"''^  «  ^'^^      «  ^^-oud,;  supposing 
,       ,      V  '       "^^"^  """^^^  distance  in  order  tba! 

Iv.  ,t  be  phiced  on  the  .tcel  p.n  F.  supported  on  ti.e  column  G  it  seems 
indifferent  to  gravity,  and  instead  of  dropping  it  begins  to  revolve  in  n 
honzontal  orb.t,  II  I.  about  the  vertical  axis  F  G.  in  a  direction  corres- 
ponding  with  the  movement  of  the  lower  part  of  the  disk.    This  hori^ 
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EODt&I  resolution  graJuftlly  itiereasesi  in  TcWitj,  and  the  free  end  t>f 
the  diik,  in  aomo  circuoiiHitanceSf  Tlhrates  upward  and  downward,  in 
apir&l  curTCa*  When  the  rotation  of  tho  diak  jb  considerablj  dirainislied 
by  friction,  gravity  gradually  prevails  over  the  supporting  power,  and 
at  length  the  disk  falls,  in  a  descending  spiral  curve. 

To  ei plain  the  movement  of  the  gyroscope,  let  the  ails  Y  A  Y', 
fig-  24,  correepond  to  tho  standard,    A  2i  {bit.} 

being  tUe  point  where  one  end  of  the 
ftxia  of  tbe  revolving  di^^k  h  supported. 
Let  A  X  correipond  to  the  horizontal 
axia  around  which  the  di^k  of  the 
gyroscope  revolvefl^'and  let  Z  A  be 
another  hc^rixontal  axiK,  at  right  angles 
with  A  X  anil  A  Y.  Let  a  right- 
handed  rotation  be  given  to  the  di&k  of 
the  gyroscope  about  the  asm  A  X,  as 
indicated  hy  the  arrowa.  While  the 
force  of  gravity  cauRcs  the  free  end  of  the  axis  to  descend,  there  will 
ftlflo  be  commenced  a  right-handed  rotation  alMmt  the  axis  A  Both 
theye  rotations  may  ho  Rupptiaed  to  ha^  e  constant  velocities  fur  an  infi- 
nitely short  interval  of  time,  Let  r  denote  the  angular  velocity  about 
A  X,  0^  the  angular  velocity  aljout  A  Z.  Lay  off  on  A  X  a  distance 
^  U  =  r,  and  on  A  Z  a  diHtaiice  A  C  =  i/,  complete  the  parnllelogram 
J^BDO;  then  the  diagonal,  A  D,  will  represent  the  resultant  axis  of 
station,  and  the  length  of  this  diagonal  will  represent 
^  ,+^f;,^«^Kf^"t  th*^  now  nxifl.  Ab  th^^disk  can  only  rotate 


the  velocity  of 
rotate  about  the  new 
.  3  cooimenced  a  new  rnovc- 

are  equfll,  being  each  one-hair  the paretlelugra^^j^l  revolution  about  the 


ded  rotation  about  A  Y. 


^  t  three  aies,  all  paa^tng 

this  equation  with  the  value  of  found  abovdon  of  the  resultant  asla 
From  the  above  renfiontng  it  appcara  that,— dered  as  perpendicular  to 
P  IVhere  a  bodi/  i>  at'l&l  n/zon  by  tioo  nijsiems  i  angulaf  velocity  due  to 
JtitK  rolaiions  about  tavt  separate  aj<yr,  'y*"^n  the  orbit,  acquired  in 
rcAtiiidni  moHon  t^tU  rotation  about  a  nfw  dP  represents  the  velocity 
li^n  hy  the  diagonal  of  a  pamUdofjrain,  Me  jrrVmrallelopipedon  on  these 
sttiifd  hy  eompanent  dXts  of  rolaiton,  and  ih  This  diagonal  will  evi- 
hii  th&  forC€»  iendintf  io  pivdnee  rutafioa  tihout  he  horizontal  revolution 
of  rotaiim  ahujf£  the  nriu  axi>  r^;>r«w/fii  i«i*ndcncy  in  opposition  to 
f>/*/AejK)ja/{e^Mrftm>/^*^^^^^  continued  for 

W^'PTT^^'^!^         pi^^^^^**  .    ^3    It  "m  evident  that  the  horiiontal 
e^*"''^"  velocity,  and  the  tendency  tn 


MOTION  AND  FOROB. 


37 


lift  the  end  of  the  axis  of  the  disk  would  also  increase,  were  it  not  con- 
tiooallj  coonteracted  by  the  action  of  gravity.  As  the  velocity  of  the 
roUtioQ  of  the  disk  is  continually  retarded  by  friction,  the  lifting  power 
exerted  against  gravity  diminishes  until  the  disk  gradually  descends 
vitb  a  spiral  revolution,  and  the  instrument  is  brought  to  rest. 

If  the  disk  of  the  gyroscope  were  made  to  rotate  in  the  opposite  direc- 
tion, or  left-handed,  the  motion  around  the  axis  Z  A  7/^  caused  by 
gravity,  would  also  be  left-handed  when  considered  from  the  point 
and  the  resultant  A  IK  would  lie  on  the  opposite  side  of  A  X.  This 
▼oald  also  give  a  left-handed  rotation  about  the  perpendicular  A  Y, 
and  the  resultants  would  all  be  found  in  the  solid  angle  A  X,  A  Y, 
A  Ta\  and  again  the  tendency  would  be  to  counteract  the  depressing 
force  of  gravity.  Thus  we  should  have  the  rotating  disk  supported, 
as  experience  shows  it  is,  in  whichever  direction  it  is  caused  to  rotate. 

If  the  weight  of  the  gyroscope  were  counterbalanced  (as  it  is  frequentlj  con- 
■trneted)  bj  an  equal  weight  on  the  opposite  side  of  the  vertiral  axis,  it  can 
readilj  be  seen  that  it  would  hare  no  horizontal  rotation.  If  the  counter- 
balancing weight  were  so  great  as  to  raise  the  disk  upward,  the  horizontal 
rcTolation  would  be  performed  in  the  opposite  direction. 


Problems  on  Weights  and  Measures. 

1.  (n.)  How  many  Englisih  yards  are  contained  in  135  French  kilometres? 
{h.)  Reduce  2-59.'{4  ceotimetrcii  tu  English  inches,  (o.)  What  part  of  an  English 
inrb  ia  1  millimetre?    {d.)  Reduce  3  centimetres  to  inches. 

2.  («.)  Reduce  4  feet  7  inches  to  French  measure.  (6.)  Reduce  225  rods  to 
French  measure  of  length,  (c.)  Reduce  13  miles  to  French  kilometres. 
(</.)  Reduce  5  yards  to  French  metres. 

3.  (a.)  Reduce  3  pints  to  litres  and  cubic  centimetres.  (!>.)  Reduced  litres 
to  Engliiih  measure,  (c.)  Reduce  7  gallons  to  litres  and  decimal  parts, 
(r/. )  Reduce  7  cubic  centimetres  to  English  pintn. 

4.  Reduce,  by  means  of  the  Table  II., — (a.)  25  inches  to  decimal  parts  of  a 
metre.  (6.)  l.>9  centimetres  to  American  inches,  (c.)  75  feet  to  metres,  (rf.)  5 
kilometres  to  American  yards. 

5.  Reduce,  by  means  of  the  table  at  the  end  of  the  book, — (a.)  7^  pints  to 
cubic  centimetres.  (6.)  10  gallons  to  cubic  centimetres,  (c.)  735  cubic  centi- 
metres to  gallons. 

Problems  on  Motion. 

6.  K  body  passes  uniformly  over  a  distance  of  200  yards  in  1  hour  and  6 
minutes  :  what  is  the  numerical  value  of  its  velocity,  according  to  the  usual 
conventions  concerning  the  units  of  space  and  time? 

7.  A  body  is  observed  to  describe  uniformly  a  feet  in  n  seconds ;  supposing 
tbe  unit  of  time  to  be  1  minute,  what  must  be  the  unit  of  distance  in  order  that 
the  numerical  value  of  the  body's  velocity  ma^be  1  ? 

8.  A  man  walks  with  a  velocity  represented  by  2,  and  ho  finds  that  he  walks 
T  miles  in  2  hours  ;  if  1  foot  be  the  unit  of  length,  what  is  tbe  unit  of  time  ? 

9.  A  particle  is  moving  with  such  a  velocity,  and  in  such  a  direction,  that 

6* 
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the  resolved  parts  of  its  relooity  in  the  directions  of  two  lines  perpendienlar  to 
each  other,  are  respectively  3  and  4 ;  determine  the  direction  and  velocity  of 
the  particle's  motion. 

10.  A  is  a  more  powerful  and  a  heavier  man  than  B ;  the  greatest  weights 
which  they  can  lift  are  as  8  :  7,  and  their  own  weights  are  as  7  :  6.  Which  is 
likely  to  be  the  faster  runner  of  the  two? 

11.  Supposing  a  body  acted  upon  by  a  force  capable  of  cansing  an  accelera- 
tion of  3  feet  per  second :  what  will  be  its  velocity,  and  the  distance  passed 
over,  at  the  end  of  1  minute  ? 

12.  What  velocity  will  be  acquired  by  a  body  moving  100  feet,  under  the  in- 
fluence of  a  force  capable  of  causing  an  acceleration  of  2  feet  per  second  ? 

13.  If  a  body  starting  with  an  initial  velocity  of  125  per  second  is  found  to 
come  to  rest  after  the  end  of  b  seconds,  what  is  the  amount  of  retardation,  and 
what  distance  has  the  body  passed  over  ? 

14.  If  a  body  weighing  100  pounds  moves  with  a  velocity  of  a  mile  in  7 
seconds,  what  must  be  the  weight  of  a  body  moving  3  feet  per  second,  to  have 
the  same  momentum  as  the  former  ? 

15.  If  a  ship  weighing  2000  tons  strikes  a  pier  with  a  velocity  of  6  inches  per 
second,  what  velocity  must  be  given  to  a  64  pound  shot,  in  order  that  it  may 
strike  an  obstacle  with  the  same  momentum  ? 

16.  Uniform  force  is  defined  as  that  which  generates  equal  velocities  in  equal 
times ;  would  it  be  correct  to  define  it  as  that  which  generates  equal  velocities 
while  the  body  moves  through  equal  spaces  ? 


CHAPTER  III. 

GRAVITATION. 

§  1.  Direction  and  Centre  of  Gravity. 

58.  Definition. — Tho  fall  of  unsupported  bodies  to  the  earth,  and 
the  pressure  exerted  by  bodies  at  rest  on  the  earth's  surface,  is  due  to 
the  force  of  gravity.  The  amount  of  this  force  seen  in  the  downward 
pressure  of  any  body  is  called  its  loeight.  Weight  is  due  to  the  earth's 
attraction  for  the  body  weighed.  This  is  only  a  particular  case  of  a 
general  force  in  nature,  by  reason  of  which  all  bodies  in  the  universe 
attract  each  other,  thereby  maintaining  the  order  and  stability  of  the 
heavenly  bodies. 

59.  Law  of  universal  gravitation. — The  law  of  gravitation  is 
stated  as  follows :  Eeery  particle  of  matter  attracts  every  other  particle 
in  the  direct  ratio  of  its  mass,  and  in  the  inverse  ratio  of  the  square 
of  its  distance. 

Let  ^and  Jf  represent  two  masses,  D  and  IX  the  distances.  Take 
G  and  g,  the  absolute  gravities  of  tlie  two  masses  at  a  given  distance. 
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•adgiG^,  the  ratio  of  the  force  of  gravity  at  distances  D  and  IX,  then 
G.  g  =  M     I  M\ 

g  :      =  Jy*  :       compounding  these  proportions  we  have 

G  :  6^=Miy*:M'D',  hence  GzO':—.^^. 

Or  the  force  of  gravity  of  different  bodies,  at  different  distances,  is 
directly  as  the  masses  and  inversely  as  the  squares  of  the  distances. 

This  law  was  discovered  in  1666,  by  Sir  Isaac  Newton.  Reflecting 
on  the  power  which  causes  the  fall  of  bodies  to  the  earth,  and  bearing 
m  mind  that  this  power  is  sensibly  the  same  on  the  highest  mountain 
u  in  the  deepest  valleys,  he  conceived  that  it  might  extend  far  beyond 
this  earth,  and  even  exert  its  influence  through  all  space.  He  assumed, 
in  conformity  to  the  relation  already  discovered  by  Kepler,  between 
the  times  of  revolution  of  the  planets  and  their  distances  from  the  sun, 
that  this  force  must  diminish  in  the  inverse  ratio  of  the  square  of  the 
distance.  Ilis  first  results  were  unsatisfactory,  because  (as  afterwards 
appeared)  he  used  in  his  calculations  an  erroneous  value  of  the  earth's 
radius.  But  in  June,  1682,  he  received  Picard's  new  measurement  of 
the  arc  of  the  meridian  in  France,  from  which  it  appeared  that  the 
radius  of  the  globe  was  nearly  one  seventeenth  greater  than  had  been 
previously  supposed.  Armed  with  these  new  data,  Newton  resumed 
his  calculations,  and  in  1G87  published  his  great  work,  the  "  Principia** 
in  whicli  he  develops  the  consequences  of  his  great  discovery  of  the 
laws  of  gravitation. 

GO.  Direction  of  terrestrial  attraction.  Centre  of  gravity. — 
As  the  direction  of  a  force  is  the  direction  of  the  motion  or  pressure 
caused  lyr  it,  (40),  it  follows  that  a  body  falling  under  the  influence  of 
gravity  moves  on  a  line,  which  would  pass,  if  extended,  through  a 
point  sensibly  near  the  centre  of  the  globe.  This  point  26 
in  the  globe  is  called  its  centre  of  gravity.  Therefore 
the  direction  of  the  force  of  gravitation  is  in  the  line 
uniting  the  centre  of  gravity  of  the  earth  with  that  of 
the  attractive  body.  The  plumb  line,  fig.  20,  gives  this 
direction.  Here  a  mass  of  lead  is  suspended  by  a  string, 
and  when  it  is  at  rest,  it  is  evident  without  a  mathe- 
matical demonstration,  that  the  direction  of  the  pressure, 
and  hence  that  of  the  force  of  gravitation,  coincides 
with  that  of  the  plumb  line.  This  direction  is  called 
the  vertical,  and  a  direction  perpendicular  to  it  is  called 
the  horizontal.    Such  is  tlie  surface  of  a  liquid  at  rest. 

It  is  plain,  on  the  slightest  reflection,  that  as  the 
plumb  line  coincides  at  every  point  of  the  earth's  surface  ^e^y  nearly 
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to  the  radiiu  of  the  same  points,  that  sereral  plumb  lines  placed  near 
each  other,  are  sensibly  parallel  to  each  other  (but  are  not  mathemati- 
oallj  so),  because  the  distances  between  them  are  almost  insensible 
compared  to  the  length  of  a  radius  of  the  earth.  The  convergence  is 
only  one  minute  to  a  geographical  mile. 

Tbo  rotation  of  the  earth  does  not  affect  the  direction  of  a  falling  body, 
because  it  had,  before  it  fell,  the  same  velocity  as  the  earth  itselC  Thus  a  ballet 
dropped  from  the  mast-head  of  a  ship,  sailing  nerer  so  rapidly,  falls  to  the  deck 
on  precisely  the  same  spot  as  if  the  ship  were  motionless — in  virtue  of  the  prin- 
ciple of  the  composition  of  motion,  (45).  Nerertheless,  if  bodies  fall  from  a 
Tory  great  height,  there  is  an  easterly  deviation,  as  Newton  announced,  because 
at  the  point  of  departure,  on  a  circumference  sensibly  larger  tban  at  the  surface 
of  the  earth,  the  body  has  a  horisontal  velocity  sensibly  greater  than  the  latter. 
For  a  height  of  550  feet,  calculation  indicates  a  deviation  of  0*108  inch,  and 
experiment  gave  Reicb  in  the  deep  mines  of  Freyberg  O'llO  inch. 

61.  Point  of  application  of  terrestrial  attraction. — As  every 
particle  of  a  body  is  equally  attracted  by  the  earth,  there  must  be  as 
many  points  of  application  for  this  force  as  there  are  particles  of  matter 
in  the  body.  Ilencc  from  the  principle  (46)  for  finding  the  resultant 
of  a  system  of  parallel  forces,  it  follovrs  that  if  a  body  be  supported  by 
a  flexible  cord  from  a  fixed  point,  it  cannot  remain  at  rest  unless  the 
resultant  of  all  the  parallel  forces  which  gravity  exerts  on  it  passes 
through  the  point  of  support. 

It  is  thus  possible  to  determine  experimentally  the  position  of  the 
resultant  of  the  system  of  parallel  forces  which  gravity  exerts  upon 
a  body. 

For  example,  in  fig.  27, 
the  chair  is  held  by  a  string 
attached  to  one  arm,  and  the 
resultant  of  the  forces  ex- 
erted by  gravity  is  in  the 
line  A  B,  in  which  the  chair 
comes  to  rest.  But  if  the 
chair  is  supported  from  an- 
other point,  as  in  fig.  28,  it 
will  come  to  rest  in  a  new 
position,  and  the  resultant 
will  now  be  found  also  in  a 
new  position,  namely  in  the 
line  C  D,  and  so  for  every 
new  point  of  suspension  we 
can  by  experiment  demonstrate  a  difierent  position  for  the  re- 
sultant. 


27 
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62.  Centra  of  gravity. — As  there  is  in  every  Bolid  body  a  point 
about  which,  when  it  is  suspended,  its  molecules  are  equally  dis- 
tributed in  every  direction,  all  the  attractions  exerted  upon  them  may 
be  replaced  by  a  single  resultant  force  applied  at  this  point.  But 
whatever  position  the  body  may  assume,  the  resultant  of  its  parallel 
forces  of  gravity  will  always  pass  through  the  same  point.  This  com- 
mon point,  of  intersection  of  the  resultants  of  gravity  in  any  body,  is 
called  the  centre  of  gravity.  As  we  may  find  the  resultants  experi- 
mentally, so  also  is  the  centre  of  gravity  of  any  solid  29 
easily  found.  If  any  irregular  solid  is  suspended,  as  in 
fig.  29,  its  centre  of  gravity  will  lie  in  the  line  e  (2,  pro- 
knged  through  its  axis.  It  will  also  lie  in  the  line  a  6, 
by  which  the  body  is  a  second  time  suspended,  and  being 
found  in  both  lines,  it  must  necessarily  be  at  their  inters 
section.  A  correct  conception  of  the  important  relations 
of  the  centre  of  gravity  lies  at  the  foundation  of  the 
whole  science  of  mechanics,  and  especially  .of  equi- 
librium. 

63.  Corollaries. — (1.)  The  centre  of  gravity  must  be  regarded  as 
the  point  of  application  of  the  resultant  of  the  forces  which  gravity 
exerts  upon  the  molecules  of  any  body.  This  is  proved  by  the  fact 
that  the  point  of  application  is  any  point  on  the  line  of  the  resultant, 
and  that  the  centre  of  gravity  is  a  point  common  to  all  the  rcHultants. 

(2.)  When  the  centre  of  gravity  is  supported,  the  body  remains  at 
rest.  Conceive  the  irregular  mass,  fig.  29,  to  be  sustained  on  an  axis 
passing  through  ab  or  cd,  the  body  will  remain  at  rest  in  whatever 
position  of  revolution  it  may  be,  on  either  of  these  axes,  since  the  whole 
intensity  of  the  forces  of  gravity  is  expended  in  pressure  against  the 
points  of  support. 

(3.)  The  sum  of  all  the  attractions  exerted  by  any  mass  of  matter 
may  be  conceived  as  proceeding  from  its  centre  of  gravity.  Newtou 
has  demonstrated  that  a  particle  of  matter  placed  without  a  hollow 
sphere  is  attracted  in  precisely  the  same  manner  as  if  the  whole  mass 
of  the  sphere  were  collected  at  its  centre,  and  constituted  a  single  par- 
ticle there.  The  same  must  be  true  of  solid  spheres,  since  they  may  be 
regarded  as  made  up  of  a  great  number  of  hollow  spheres,  having  the 
same  centre. 

The  principle  that  action  and  reaction  are  equal  and  opposite  (27), 
applies  perfectly  to  the  mutual  attractions  of  the  masses  of  matter. 
Ilence  follows  the  somewhat  startling  inference  that  the  earth  must 
rise  to  meet  a  falling  body.  This  is  unquestionably  true,  but  since  the 
mass  of  the  earth  is  almost  infinitely  greater  than  that  of  any  body 
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falling  on  its  surface,  its  motion  must  likewise  be  almost  infinitely 
small,  since  the  velocity  r^,  acquired  by  the  earth  at  the  end  of  one 
second  is  as  much  less  than  the  velocity  v,  acquired  by  the  falling 
body,  as  the  mass  of  the  body  (m)  is  less  than  the  mass  of  the  eartk 
{M),  ori/'.v  =  m:M. 

64.  Centre  of  gravity  of  regular  figures. — In  case  of  solids  which 
have  a  regular  figure,  and  uniform  density,  it  is  not  necessary  to  resort 
to  experiment.  In  such  bodie.i,  the  centre  of  gravity  coincides  with 
the  centre  of  figure,  and  to  find  it  is  a  question  purely  geometrical. 
The  truth  of  this  assertion  may  be  shown,  if  we  suppose  a  plane  or 
line  to  be  divided  into  two  equal  and  similar  parts,  so  that  its  mole- 
cules are  arranged  two  by  two,  with  respect  to  the  dividing  line.  Take 
any  two  molecules  similarly  situated,  on  opposite  sides  of  the  division, 
their  attractions  will  be  equal  and  opposite ;  and  so  also  of  every  other 
pair ;  therefore,  the  resultant  of  the  system  must  be  at  the  point  of 
division,  and  the  centre  of  gravity  is  there  also. 

The  centre  of  gravity  of  a  circle,  or  sphere,  is  at  the  centre  of  each  ; 
of  a  parallelogram  or  parallelopiped,  at  the  intersection  of  the  diagonals ; 
and  of  a  cylinder  at  the  middle  point  of  its  axis.  To  find  the  centre 
of  gravity  of  a  triangle,  fig.  30,  draw  a  line  A  D,  from  the  vertex  to 
the  middle  point  of  the  base;  it  will  30 
divide  equally  all  the  lines,  as  m  n,  drawn 
parallel  to  the  base.  If  the  triangle  is 
placed  so  that  the  line  A  D  may  be 
exactly  over  the  edge  of  the  prism  P  Q, 
each  one  of  the  rows  of  molecules  com- 
posing the  figure,  as  m  n,  will  be  in 
equilibrium  on  the  edge  of  the  prism, 
since  it  is  supported  at  its  centre.  The 
same  will  be  true  when  they  are  united, 
and  the  triangle  will  not  tend  more  to  one  side  than  another ;  hence  its 
centre  of  gravity  must  be  in  the  line  A  D,  and  for  a  like  reason,  also 
in  the  line  B  E  (situated  similarly  to  A  D),  and  therefore  at  their  inter- 
section G.  It  may  be  shown  geometrically  that  the  point,  thus  found^ 
divides  the  line  joining  the  summit  and  the  middle  of  the  base,  into 
two  parts,  of  which  the  one  nearest  the  vertex  is  double  that  nearest 
the  base. 

SrrpoRT  OF  A  TRiAXorLAH  MASS  AT  ITS  AXHi.ES.— If  it  wcre  required  to  Bup- 
port  a  triangular  block  of  marble  at  its  angles,  wo  may  find  what  part  of  the 
wcigbt  will  be  sustained  by  each  support,  by  applying  the  foregoing  principles. 
The  weight  of  the  block,  fig.  31,  which  wo  will  suppose  to  be  45  lbs.,  is  a  force 
applied  to  ila  centre  of  gravity,      Wo  hare  stated  that  the  distance  6  ^  is  twice 
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tb«  diitUM*  §  df  and  henoe  we  maj  rasolre  the  yertical  force  of  45  lbs.,  aoting 
It  f,  into  two  others ;  one  of  15  lbs.  at  b,  and  the  81 
other  of  30  Iba.  ntd;  but  the  last  force,  since  it  acts  ^ 
at  the  middle  point  of  a  c,  may  also  be  resoWed  into  ^.-'"''^Tv 
two  others  of  15  lbs.  each,  acting  the  one  at  a,  and  g/  \ 

tbe  other  at  e.    Hence  the  weight  of  the  triangle  is  c^——J^         ^  * 
cqairalent  to  three  equal  forces  acting  vertically  at  ^ 
its  angles ;  and  the  three  points  of  support  snstain  19 
equal  pressures,  whatever  may  be  the  form  of  the 
triangle.  45 

65.  Centre  of  gravity  lying  without  the  body. — The  centre 
nf  gravity  is  not,  necessarily,  in  the  body  itself, 
but  may  be  in  some  adjoining  space.  This  is 
evidently  true  of  tbe  solid  ring,  fig.  32,  and 
l^nerally  of  any  hollow  vessel,  of  virbatever 
form. 

Of  a  compound  body,  the  centre  of  gravity  is 
easily  found  by  composition  of  forces,  when  the 
weights  and  centres  of  gravity  of  tbe  parts  are 
known. 

CO.  Equilibrium  of  solids  supported  by  an  axis. — A  solid  is  in 
equilibrium  when  its  centre  of  gravity  is  supported.  This  is  according 
to  \  63.  But  this  condition  may  be  fulfilled  in  difi'erent  ways,  according 
tu  the  method  of  support.  If  a  disk  of  uniform  density,  fig.  33,  is  sup- 
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p<irted  by  an  axis,  passing  through  the  centre  a, 
which  is  also  its  centre  of  gravity,  it  will  be  in 
that  s<jrt  of  equilibrium  which  is  called  indifftrentt 
because  it  has  no  tendency  to  revolve,  either  to  the 
right  or  loft,  but  remains  at  rest  in  all  positions. 
If  the  axis  pa^tses  through  6,  the  disk  will  be  in 
tinlle  equilibrium  ;  for  if  it  is  turned  about  its 
axij*,  tbe  centre  of  gravity  will  move  in  the  arc  m  n, 
and  being  no  longer  vertically  below  the  axis,  it  will  not  be  directly 
supported  by  it,  but  ten^s  always  to  return  to  its  former  position.  If 
the  axis  is  at  c,  the  equilibrium  is  unstable;  for,  if  the  centre  of  gravity 
is  in  the  least  removed  from  a  position  vertically  above  the  axis,  it 
cannot  return,  but  it  will  describe  a  semicircle  in  its  descent,  until  it 
comes  to  rest  exactly  below  the  point  of  support. 

In  general  terms,  therefore,  a  body  attaclicd  to  an  axis  may  be  in 
stable,  unstable,  or  indifierent  ecjuilibriuin,  according  as  its  centre  of 
gravity  is  below,  above,  or  upon  the  axis. 

67.  Equilibrium  of  solids  placed  upon  a  horizontal  surface. — 
In  bodies  placed  upon  a  horizontal  surface,  the  centre  of  gravity,  as  in 
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those  which  are  Buspended,  tends  to  descend,  and  if  the  bodies  are  free 
to  move,  they  will  rest  in  one  of  the  positions  of  equilibriam  just 
named.  If  rays  are  drawn  from  the  centre  of  gravity  to  every  part  of 
the  surface,  some  of  these  rays  will  be  oblique,  and  somej^rpendicular. 
or  normal  to  the  surface,  whatever  may  be  the  external  form  of  the 
body ;  and  among  the  normal  rays,  there  is  generally  a  longest  and  a 
shortest  ray.  If  the  body  rests  upon  the  plane,  at  the  extremity  of  one 
of  the  normal  rays,  its  centre  of  gravity  is  evidently  in  the  vertical  line, 
drawn  through  the  point  of  contact,  and  the  body  is  in  equilibrium. 
But  if  it  rests  at  the  extremity  of  an  oblique  ray,  the  centre  of  gravity 
is  not  supported,  since  it  is  not  in  the  vertical  of  the  point  of  contact, 
and  the  body  falls. 

If  the  normal  ray  at  the  point  of  contact  is  neither  longest  nor 
shortest,  but  simply  equal  to  the  adjacent  rays,  the  equilibrium  is  indif- 
ferent. Such  is  the  case  with  a  sphere,  placed  on  a  level  plane ;  it 
rests  in  every  position,  for  its  centre  of  gravity  can-  34 
not  fall  lower  than  it  is.  But  this  position  cannot 
be  assumed  by  a  body  not  strictly  spherical.  For 
example,  if  an  egg  rests  at  the  extremity  of  a  longest 
descending  ray,  a,  as  in  fig.  34,  it  will  be  in  unstable 
equilibrium,  since  motion  to  either  side  tends  to 
lower  the  centre  of  gravity,  and  enable  it  to  fall ;  but 
if  it  rests  at  the  extremity  of  a  shortest  ray,  it 
will  be  in  stable  equilibrium,  since  any  motion  side- 
ways must  raise  the  centre  of  gravity,  and  it  will,  therefore,  fall  back 
to  its  original  position. 

68.  Centre  of  gravity  in  bodies  of  unequal  density  in  dif- 
ferent parts. — If  the  density  of  a  body  is  unequal  in  different  parts, 
its  centre  of  gravity  will  be  external  to  its  centre  of  magnitude,  and 
the  body  can  come  to  rest  in  only  35 

two  positions,  when  the  centre  of 
gravity  is  at  the  highest,  and  at  the 
lowest  place  in  the  vertical  of  the 
point  of  contact.  If  a  cylinder  of 
this  description  were  placed  upon  an 
inclined  plane,  as  in  fig.  35,  it  would 
be  in  equilibrium  when  its  centre  of 
gravity  was  at  either  e  or  a ;  if  at  «, 
and  the  cylinder  were  moved  a  little  to  the  right,  the  centre  of  gravity 
would  fall  through  the  arc  ea,  but  at  the  same  time  the  cylinder  itself 
would  perform  the  apparent  contradiction  of  ascending  the  plane. 

69.  BqaiUbrinm  of  bodies  supported  in  more  than  one  point. — 
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When  a  bodj  is  supported  by  two  points,  the  vertical,  from  its  centre 
of  gnvity,  ought  to  fall  on  the  centre  of  the  line  which  connects  them. 
If  a  bodj  has  four  points  of  support,  as  a  common  table,  the  vertical 
should  fall  upon  the  intersection  of  their  diagonals. 

Ib  carriages,  if  the  rertieal  falls  in  a  different  manner,  the  load  is  improperlj 
distribntied,  and  the  carriage  will  be  liable  to  npset,  in  passing  over  an  nneven 
road. 

A  body  resting  on  a  base  more  or  less  extended,  will  be  in  equilibrium 
only  when  the  vertical  from  the  centre  of  gravity  falls  within  the  area 
ci  the  base ;  and  the  body  will  stand  firmer  in  proportion  as  the  centre 
of  gravity  lies  lower,  and  the  base  is  broader.  A  pyramid  is,  therefore, 
the  most  stable  of  all  structures. 

The  singular  feats  exhibited  bj  children's  tojs,  and  bj  rope-dancers,  depend 
on  the  facility  with  which  the  centre  of  gravity  is  shifted. 

{  2.  Laws  of  Falling  Bodies. 

70.  Ckavity  la  a  source  of  motion. — In  discussing  the  laws  of 
motion,  we  have  already  cited  gravitation  as  a  source  of  uniformly 
accelerated  motion.  We  have  now  to  consider  the  laws  of  falling  bodies, 
and  in  doing  so  we  shall  have  occasion  to  recapitulate  some  of  the 
ground  already  passed  over. 

71.  The  lav78  of  falling  bodies  are  five,  as  follows: 

The  first  law  is — The  velocity  of  a  falling  body  is  independent  of  its 
mass. 

Galileo  (born  15G4),  who  first  demonstrated  the  laws  of  falling 
bodies,  at  Pisa,  argued  that  if  the  molecules  of  a  body  were  separated 
from  each  other,  each  molecule  would  fall  with  the  same  velocity,  since 
each  is  solicited  by  the  same  force;  and  if  wc  conceive  these  molecules 
reunited  into  a  mass,  each  particle  still  acts  alone,  and  hence  it  is  of  no 
importance  whether  the  particles  arc  many  or  few.  The  velocity  of  the 
mass  will  be  that  of  one  of  its  particles — and,  consequently,  is  inde- 
pendent of  the  mass. 

The  second  law  is — The  velocity  of  a  falling  body  w  independent  of 
the  nature  of  (he  body.  Experiment  alone  can  confirm  this  law,  which 
at  its  first  statement  appears  to  be  contradicted  by  common  obser- 
vation. 

For  example :  a  f^old  coin  fulls  swiftly,  and  in  a  straij^bt  line,  but  a  piece 
of  paper  descends  in  a  devious  course,  and  with  a  slow,  hesitating  motion. 
The  popular  explanation  is,  that  the  coin  is  heavy  and  the  paper  light ;  but 
this  cannot  be  the  true  reason,  since,  when  the  gold  is  l>catcn  out  into  thin 
leaves,  its  weight  remains  the  same,  but  the  time  of  its  fall  is  very  much 
lirolonged. 
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The  differences  in  the  time  and  manner  of  falling  are  caused  solelj 
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bj  the  resistance  of  the  air;  which  resistance  varies, 
according  to  the  shape  and  volume  of  the  body,  and 
not  according  to  its  mass,  or  the  number  of  particles 
contained  in  it.  This  conclusion  is  established  by  the 
guinea  and  feather  experiment,  first  devised  by  New- 
ton, who  used  a  glass  tube  10  feet  long,  arranged  as 
in  fig.  36,  with  a  stopcock  for  removing  the  air  by  an  air- 
pump.  Bodies  of  unlike  density,  as  a  coin  and  piece  of 
paper,  within  the  tube  will,  when  it  is  suddenly  inverted, 
be  seen  to  fall  with  equal  rapidity,  and  strike  the  bottom 
together ;  but  after  admitting  the  air,  the  one  will  descend 
swiftly,  and  the  other  will  be  retarded,  just  as  it  happens 
when  they  fall  under  ordinary  circumstances.  A  piece 
of  stiff  paper,  cut  to  the  exact  size  of  a  coin  and  placed  on 
it,  will  fall  with  it,  if  care  is  taken  to  drop  the  two  quite 
horizontally,  and  without  disturbing  the  position  of  the 
paper  on  the  coin.  This  simple  experiment  illustrates  the 
law  as  well  as  the  vacuum  tube,  the  resistance  of  the  air 
being  all  met  by  the  coin.  Thus,  when  no  resistance 
modifies  the  effects  of  gravity,  it  attracts  all  bodies  with 
the  same  energy,  and  gives  them  the  same  velocity,  what* 
ever  may  be  their  weight,  and  whatever  the  kind  of  matr 
ter  of  which  they  are  composed. 

TuE  THIRD  LAW  IS — The  velocity  acquired  by  a  body 
falling  freely  from  a  state  of  rest  is  proportional  to  the 
times,  and  follows  the  order  of  the  natural  numbers  1,  2,  3, 
&c.  This  is  the  case  of  a  uniformly  accelerated  mo- 
tion, (32). 

The  fourth  law  is — The  whole  spaces  parsed  over  by  a 
falling  body,  starting  from  a  state  of  rest,  are  proportional 
to  the  squares  of  the  times  employed  in  falling — while  the 
spaces  fallen  Oirough  in  successive  times  increase  as  the 
odd  numbers  1,  3,  5,  7,  &c.  The  velocity  of  a  body  when 
it  begins  to  fall,  is  nothing ;  but  from  that  moment  it  regu- 
larly increases.  Let  us  represent  the  velocity  acquired  at  the  end  of  the 
1st  second  by  g ;  then  the  average  velocity  during  the  same  time  will  be, 

0  +  g 


y 
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the  arithmetical  mean  between  0,  the  starting  velocity,  and  9,  the  final 
velocity.   A  body  moving  at  this  rate,  will  traverse  the  same  space  in 
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ooe  second  which  it  would  have  fallen  in  one  second ;  let  this  space 
=«;  then  the  space  being  equal  to  the  product  of  the  velocity  and  the 
tuD^  X  l  =  »tOT  g  =  2s;  that  is,  the  final  velocity  acquired  by  a 
body  falling  one  second,  is  double  the  space  through  vrhich  it  has  fallen. 
It  has  been  ascertained  that  in  latitude  45*^  this  space  is  about  16.^ 
feet,  (16*08538  feet,  see  90)  and  </  =  32^  feet. 

In  the  2d  second,  the  body  starts  with  a  velocity  of  ff  =  32^  feet,  and 
scqnires,  at  the  close,  the  velocity  of  2g  =  64^  feet.  The  space  fallen 
daring  the  same  time  is  48^  feet ;  viz.  32^  feet  by  the  velocity  acquired 
daring  the  first  second,  and  16^i^  feet  by  the  gradual  action  of  gravity 
m  this  second  only.  Or  as  before,  the  space  described  by  the  body 
daring  the  2d  second,  is  equal  to  the  space  it  would  have  fallen  with 
the  mean  velocity  between  its  initial  and  final  velocities ;  i.  e.  with  the 
velocity 

_  ^_3., 

the  space,  therefore,  =  3  X        =  48^  feet. 

In  the  same  way  we  find  that  the  velocity  acquired  at  the  end  of  the 
3d  second,  will  be  3<7=  96}  feet;  and  in  the  same  time  the  body  will 
have  fallen,  with  the  mean  velocity, 

2//  -f-  3/7    _  5.7 
2  ~2~ 
throuf^h  a  space  of  5*  =  5  X  10  ^'.^  =  80  feet. 

A  falling  body,  therefore,  descends,  ia  the  2d  second  of  its  full, 
throuj^h  three  times,  and  in  the  3d  second,  through  five  times  the  space 
fallen  in  the  first  second.  Or  in  the  words  of  the  4th  law,  ihe  spaces 
increase  as  the  odd  numbers. 

Whole  space  described  by  a  falling  body. — We  have  seen  that 
the  time  of  failing,  and  the  final  velocity,  increase  in  the  same  ratio  ;  and 
that  the  average  velocity  of  any  fall,  is  exactly  half  the  final  velocity, 
and  the  whide  distance  fallen  is  the  same  as  if  the  body  had  moved  at 
a  unifiirm  rate,  with  a  mean  velocity ;  hence,  any  increase  in  the  time 
of  falling  is  attended  by  a  corresponding  increase  of  the  average 
velocity  during  the  whole  fall.  But  the  whole  space  described  in  any 
fall  is  jointly  proportional  to  the  time,  and  the  average  velocity ;  if, 
therefore,  the  time  is  doubled,  the  body  falls  not  only  twice  as  long,  but 
also  twice  as  fast,  and  it  must  descend  through  four  times  the  distance. 
Again,  if  a  body  falls  three  times  as  long  as  another,  it  also  falls  with 
three  times  the  average  velocity,  and  descends,  altogether,  through 
nine  times  the  distance.  The  times  being  represented  by  the  order  of 
the  natural  numbers,  1,  2,  3,  &c.,  the  spaces  are  represented  by  their 
squares,  1,  4,  9,  16,  &c.  • 
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The  fifth  law  is — A  body  falling  frttly  fnma  siaie  of  rest  acquiret, 
during  any  given  timet  a  velocity  which  toould,  in  the  same  time,  carry  it 
over  twice  the  space  already  traversed. 

We  hare  seen  that  a  body  falling  for  any  time,  acquires  a  final  velo- 
city which  is  double  the  average  velocity  of  the  fall ;  if,  therefore,  the 
action  of  gravity  were  suspended  at  the  end  of  any  given  time,  and  the 
body  continued  to  move  with  its  acquired  velocity,  it  would,  in  the 
same  time,  traverse  twice  the  distance  it  had  already  fallen.  For 
instance,  the  space  fallen  through  in  three  seconds  is  144}  feet,  and 
the  final  velocity  is  96J  feet ;  now  a  body  falling  uniformly,  for  three 
seconds,  with  this  velocity,  would  pass  through  a  space  of  3  X  96J  = 
289i  =  2X  1441  feet. 

Table  expressing  the  laws  of  falling  bodies. — ^The  following  table 
expresses  the  2d,  3d,  and  4th  laws :  (See  32.) 

Times,  1,   2,   3,     4,  5. 

The  final  velocities,  2,  4,  6,  8,  10. 
The  space  for  each  time,  1,  3,  5,  7,  9. 
The  whole  spaces,  1,    4,   9,    IG,  25. 

Let  D  —  the  distance,  t  —  the  time,  V—  the  final  velocity,  and  g  =• 
the  velocity  acquired  during  the  first  second,  then  from  the  foregoing 
laws  wo  may  deduce  the  following  equations,  by  which  practical  ques- 
tions are  readily  solved. 

(1.)  r=  gt,  whence  (2.)  /  =  — . 

9 

(3.)  D  =  ig(*,  whence  (4)<  =      ^  . 
By  substituting  in  (3)  the  value  oft  (2) 

And  substituting  (4)  in  (1), 


72.  Verification  of  the  laws  of  falling  bodies;  Atwood's  Ap- 
paratus.— It  is  evident  that  the  third  and  fourth  laws  of  falling  bodies 
cannot  be  verified  by  direct  experiment ;  both  because  the  results  of 
such  a  trial  would  be  disturbed  by  the  resistance  of  the  air,  and 
because  the  velocity  of  the  full  is  too  great  to  be  followed  by  the  eye. 
But  there  are  mechanical  contrivances  by  which  the  intensity  of  the 
force  of  gravity  may  be  diminished,  without  changing  its  nature.  We 
can  cause  a  falling  body  to  descend*B0  slowly  that  the  resistance  of  the 
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m  imperccpdbfe,  and  all  the  eireumstances  of  the  liill  majr  Hi  en 
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Vwui  ^«N»ib)c  friclinn,  uml  npnit  wliioli  i»  •Ub-^ 
jMikdvd  •.  to*  lilk  «w(tl,  trarrjiug  «4ti«J  weigliU. 
B  8\  AC  (Li  eicrrmHioft.  A  cfnic  oC  foot  tn4 
ia<)i«t  U  tn«rkeil  oa  itm  si^attiiAnl,  |inriil]i3l  »u  tbcil 
path  of  ttBK  of  tlic  Wfri^bLs,  tu  iut.-ti«urv  ibo  ^parviF 
1brva;i;li  wbif  h  it  f*lli,  •ncl  tbn  pmrresiKinding 
||ai«>«  »rv  libawtt  hy  I  be  ecctJU'U  itcotJuliim,  To 
..  -SI  wftltc  fttll  witb  Ibe 
wpi^'ljt  10  fct  in  mo- 
■  I  If,  wbirli  is  ri^leuctl 
i-ijiaj^net,  ).},  (ku«ti  on 
, .  ..ling  mt  win  preB*Iltlj 
TUrv  wtlghij  B  «id  B'  being 
<.'  of  gTa?itj  hue  no  eO'ect  upon 
muil  Ihvy  rcuiMi)  »L  rcsl  in  poiitiun, 
Bal  let  uo«  uf  liK'tn,  d4  1),  b«  iucrcBfled  hj  & 
mU  »«]*lHi<nial  wvlfttil,  B",  snd  the  e<tui- 
KWittm  will  ho  itamedmicly  disturbed,  Tb* 
«*lftit  of  B"  Iwing  Ibe  only  rlLBtarkiog:  foreo, 
Lf»f  iMDtioo  pntt[ai*«d  id  uf  tbe  sAina  kind  a  a  tbe 
n  iif  H  bud  J  f^lUitg:  freely,  but  ih^  taU  tif 
r^i'Lkti  ftji-l  tbe  fjvivrc  faUen  tbTmigbi.  arc 
acb  IcMM  ui  tbfr  tiiiiBs  <»f  B"  iJt  la>a  lliiui 

and  rcUliMn  nf  B  and  D"  ar«  more 
\j  •hawn  iu  thv  enlarj^d  Aunle  of  flg.  38' 
rxiuiipic  ;  let       Iw  a  ((UiurUr  <ff  *Q 
•ttd  ihv  WT<i;btJ  It  arid       b«  eiv:<b  24  oiitxwo, 
lie  q;ii»ri*r  oiimren*    Tbp  wbolw  rasuiB  to  b# 
DOTwd,  hy  (Ii*  iw-tiou  uf  gravity  JJ"  <i<olf, 

it  193  time*  tbe  wnigbt  of  ah^I  Ihcrtsfure  thm 
r*loettj  itoiwrlcd,  and  llio  itpmet  fall«n  ibrougbj 
Ba«l  1m  1 0il  (LiUK^  Itifti  tbao  vvlu<.<tljr  »ud 
•pane  of  B"  faHliujf  frtjctir. 

In  ibw  appAratiin  b*rrt?  flptrtHi,  ibo  1»eiitJ  of 
ilia  •M^itd*  fitfliiluiuui  arts  aUQuiini'^d  bj  th« 
ball,  wttAMt  kammcr,  1»  i»  tlruck      the  rlccUrd- 


...  .    '  itll  OOl 

ipletva  fur  ftb  instiint  tb«  dirc*ttit  of 
whoMi  t«rmiii»l  irtr«<  are  >laown  at  tli«  bjue  of  Qg.  3T. 
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The  oleetro-magnet  then  acts,  and  its  armature,  Q'  I',  moves  to  the  polet 
of  0,  thus  releasing,  first  the  tablet  H,  and  with  it 
the  weight  B,  and  next  announcing  the  successive 
seconds  upon  the  bell,  at  each  swing  of  the  pendu- 
lum. No  clock-movement  is  required  to  secure 
the  accurate  beats  of  the  seconds  pendulum  during 
the  short  period  of  a  single  experiment.  Now  B, 
with  B"  attached  to  it,  will  fall  from  the  tablet  II,  m 
at  the  instant  the  first  sound  of  the  bell  is  heard, 
following  the  first  swing  of  the  pendulum.  At  the 
instant  of  the  next  ring,  the  weight  will  be  seen  to 
have  fallen  exactly  1  inch ;  during  the  second  beat, 
thrpugh  three  inches  more;  during  the  third  beat, 
through  5  inches ;  during  the  fourth  beat,  through  7 
inches,  Ac,  according  to  tho  fonrth  law. 

In  the  same  experiment  it  appears,  that  the  whole 
space  fallen  through  at  the  end  of  the  Ist  second,  is 
1  inch ;  at  the  end  of  tho  2d  second,  4  inches ;  at 
the  end  of  the  3d  second,  9  inches ;  at  the  end  of  the 
4th  second,  16  inches,  Ac,  according  to  the  first 
clause  of  the  4th  law. 

To  demonstrate  the  3d  and  5th  laws,  it  is  neces- 
sary to  arrest  the  accelerating  force  at  a  given  mo- 
ment. This  is  accomplished  by  giving  to  B"  the 
form  of  a  slender  bar,  as  shown  in  fig.  3A,  long 
enough  to  bo  caught  by  tho  sliding  stage  C,  while  B  continues  its  course  with 
a  uniform  velocity,  from  the  time  it  ceases  to  be  acted  on  by  the  gravity 
of  B".  The  velocity  at  tho  end  of  any  second  is  determined  by  tho  space 
traversed  during  tho  next  second.  If  the  stage  C  is  fixed  at  the  distance 
of  one  inch  from  the  top  of  the  scale,  B"  will  be  detached  at  the  end  of 
tho  first  second,  and  B  will  descend  uniformly  through  two  inches  during 
each  succeeding  second.  If  tho  ring  is  fixed  at  the  fourth  division,  the  bar  will 
strike  at  tho  end  of  two  seconds,  and  B  will  pass  on  at  tho  rate  of  four  inohea 
per  second.  By  the  use  of  this  simple  and  ingenious  apparatus,  a  most  satis- 
factory experimental  demonstration  of  the  truth  of  Qalileo's  Itws  of  falling 
bodies  ia  obtained. 

Morin'B  Apparatus.— Another  apparatus  for  the  verification  of  these 
laws  lias  been  contrived  by  Morin',  a  French  physicist,  in  which  the  velocity  of 
the  falling  body  is  not  retarded,  and  the  error  from  atmospherio  resistance  is 
made  incun^iiderahlc  by  the  use  of  a  large  weight.  The  falling  body  carries  a 
crayon  which  marks  a  lino  on  a  rapidly  revolving  vertical  cylinder,  covered  with 
paper,  and  divided  by  vertical  and  horizontal  lines,  representing  respectively 
time  and  distance.  The  line  drawn  by  the  crayon  carried  by  the  falling  body  is 
a  portion  of  a  parabola,  a  curve  whose  distance  from  each  division  on  its  verti- 
cal axis  is  as  the  ratio  of  the  squares  of  the  successive  divisions  on  that  line. 

73.  Application  of  the  laws  of  falling  bodies. —The  laws  of 
fulling  bodies  apply  equally  to  every  motion  produced  by  a  uniform 
force  or  pressure. 

In  every  such  motion,  the  velocities  arc  proportional  to  the  times  elapsed 
since  the  motion  began ;  the  final  velocity  is  twice  the  average  velocity ;  th« 
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in  eqaal  saecessiTe  times,  increase  as  the  odd  nnmbors ;  and 
tke  whole  spacea  increase  as  the  squares  of  the  times  in  which  they  are  described. 
Bat  ia  eaeh  instance  the  relocitj  acquired,  and  the  space  described  in  a  given 
tisM^  will  be  different;  and  the  rate  of  acceleration  will  never  bo  so  rapid  as  in 
the  case  of  a  body  falling  freely,  because  in  no  other  instance  will  the  force  be 
w  great  in  proportion  to  the  quantity  of  matter  moved. 

74  Desoent  of  bodios  on  inclined  planes. — ^When  a  body  ia 
placed  opom  an  inclined  plane,  it  descends,  as  just  explained,  with  a 
aniformlj  aocelerated  motion,  but  its  velocity  is  less  than  that  of  a  body 
fidliog  freelj.   The  weight  of  the  body,  39 
or  its  gra^t«tioD,  represented  by  the  line  ^ 
tg,  fig.  39,  is  resolved  (50)  into  two 
eomponenta,  one  of  which,  «/(or  pg),  is 
perpendicular  to  the  plane,  and  produces 
pressure  only,  and  the  other,  ep  (or/^J, 
is  parallel  to  the  plane,  and  is  the  cause 
of  the  accelerated  motion.  The  triangles 
efg  and  abc  being  similar,  their  cor- 
responding sides  are  proportional,  and 
we  have 

fg:eg  =  ac:ah; 
that  ia,  the  rate  of  acceleration  on  an  inclined  plane,  is  to  that  of  a  body 
falling  freely  as  the  height  of  the  plane  is  to  its  length. 

The  final  velocity  depends  on  the  height  of  the  plane.  In 
Sg.  40,  let  a  e,  the  height  of  the  plane,  be  i  of  its  length  a  6 ;  a 
Ibeo,  that  part  of  the  weight  of  the  body  which  produces  ^ 
amotion,  is  i  of  the  whole  force,  and  the  velocity  acquired, 
and  the  space  traversed  in  one  second,  by  the  action  of  this 
force,  would  be  J  of  the  velocity  and  space  of  a  bo.ly  fulling 
freely.  Let  the  line  n  f  represent  l^-i-j  feet,  and  take  a  rf, 
eqoal  to  J  of  a /;  then,  a  body  starting  from  a  would  arrive 
at  d  in  one  second,  or,  falling  freely,  it  would  reach  /  in  the 
same  time. 

Draw  the  horizontal  line  «  d ;  the  ratio  of  a  e  to  a     is  the 
as  the  ratio  of  a  e  to  a  6 ;  that  is,  a  «  is  equal  to  §  of  a 


40 


and  a  d  having 

been  taken  equal  to  i  of  a  /,  a  e  is  ^  of  a/.  Since  the  spaces  increase  as  the 
squares  of  the  times,  the  body  that  would  fall  to  /  in  one  second  would  fall  to 
'  in  i  of  a  second ;  and  (3d  law)  the  velocity  acquired  at  e  would  be  \  of  the 
velocity  acquired  at  /.  But  we  have  already  seen,  that  the  velocity  acquired 
by  a  body  descending  to  rf,  is  \  of  the  velocity  acquired  by  the  naino  bo<ly 
falling  to  /,  in  the  same  time ;  hence  the  velocity  of  a  body  descending  the 
inclined  plane  to  d,  is  e<iual  to  that  of  a  body  fulling  freely  to  t ;  and  generally — 

The  telocitg  acquired  at  any  given  point  on  an  inclined  plane,  is 
proportional  to  the  vertical  distance  of  that  point  below  the  point  of 
departure. 
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From  this  it  also  follows  thai  the  average  vdocUies  are  the  same  in 
descending  all  planes  of  the  same  height;  and,  thereforef  the  times  of 
descent  are  proportional  to  their  lengths. 

75.  Descent  of  bodies  on  carves. — It  was  shown  by  Galileo  that 
all  bodies  starting  from  a  horizontal  plane  with  equal  initial  velocities 
arrive  at  the  level  of  a  second  horizontal  plane  with  equal  velocities, 
whatever  kind  of  curve  thej  may  have  passed  over.  This  is  a  general 
truth  of  which  the  statement  at  the  close  of  the  last  paragraph  is  onlj 
a  particular  case.  From  these  principles  it  follows  that  the  velocity 
acquired  in  descending  any  regular  curve  is  the  same  as  would  be 
acquired  in  falling  freely  by  gravity  through  the  same  vertical  height. 
But  the  time  of  descending  a  curve,  concave  upwards,  is  less  than  is 
required  to  descend  an  inclined  plane  between  the  same  points,  while 
for  descending  a  curve  convex  upwards  a  greater  time  is  required. 

76.  Bracbystochrone ;  or  curve  of  swiftest  descent. — it  was 
demonstrated  by  J.  Bernoulli,  and  is  confirmed  by  experiment,  that 
a  body  descending  a  cycloid,  whose  base  is  horizontal,  reaches  its 
goal  in  less  time  than  by  any  other  path  between  the  same  points.  The 
cycloid  is  a  plain  curve,  described  by  41 

a  point  on  the  circumference  of  a  hf^^ 
wheel,  rolling  on  a  level  surface  with- 
out slipping.    The  curve  hd  in  the 
triangle  hkd,  fig.  41,  is  part  of  a 
cycloid. 

At  first  it  would  seem  that  the 
straight  line  hd,  being  an  inclined  plane,  would  be  the  bracby- 
stochrone, since  it  is  shorter  than  the  cycloid  joining  the  same  points, 
but  the  latter  descends  very  rapidly  at  first,  and  so  the  falling  body 
acquires  near  its  starting  point  a  much  higher  velocity  than  it  would 
on  the  inclined  plane.  This  increased  velocity  it  adds  to  each  of  its 
subsequent  movements,  and  though  its  velocity  on  arriving  at  d  is  no 
greater  than  if  it  had  passed  down  the  inclined  plane,  it  arrives  there 
in  a  shorter  time  than  it  could  by  any  other  path.  Another  curious 
property  of  the  cycloid  is,  that  a  body  will  descend  from  A  to  (2  in  this 
curve,  in  the  same  time  it  would  descend  to  d  from  any  intermediate 
point  in  the  cycloid. 

77.  Action  and  reaction  of  a  falling  body. — On  arriving  at  the 
bottom  of  a  plane  or  curve,  a  IxKly  will  have  acquired  (5th  law)  a  velo> 
city,  such  as  would  carry  it,  in  the  same  time,  over  a  distance  equal  to 
twice  the  length  of  the  descent,  or  cause  it  to  ascend  another  similar 
curve.  The  ascent  of  the  body  being  opposed  by  the  constant  force  of 
gravity,  will  be  retarded  at  a  rate  which  exactly  corresponds  with  its 
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prerious  acceleration.  On  the  double  curye  ABC,  fig.  42,  the  body 
will  have  equal  velocities  at  any  42 
two  points  at  the  same  level,  as  at 
E  snd  D;  and  the  velocity  >being 
■othing  when  the  body  has  arrived 
St  C,  it  will  descend  again  and 
moont  to  A,  the  point  from  which 
it  first  started.  This  alternate  B 
movement  being  caused  by  the  constant  force  of  gravity,  would  con- 
tinue for  ever,  and  furnish  an  instance  of  perpetual  motion,  were  it  not 
for  the  resistance  of  the  air  and  friction,  by  which  the  body  is  gradually 
broaght  to  rest  at  B. 

The  pendnlnm  is  an  example  of  a  body  alternately  ascending  and  descending 
a  very  small  eireolar  ennre. 

i  3.  Measnre  of  the  Intensity  of  Gravity. 

I.  PENDULUM. 

78.  The  pendulum. — ^Any  body  suspended  by  a  flexible  cord,  or 
wire,  from  a  fixed  point  of  support,  is  a  pendulum.  A  plumb  line  is 
a  pendulum,  and  when  it  is  at  rest,  as  we  have  seen  (00),  it  shows  the 
exact  vertical,  and  indicates  the  direction  of  the  force  of  gravity.  But 
if  it  is  moved  from  the  perpendicular  into  any  other  position,  and  left 
to  fall,  the  pendulum  swings  in  a  vertical  plane,  and  rises  on  the  other 
side  of  the  vertical  to  a  height  equal  to  that  from  which  it  had  fallen. 
The  cause  of  these  alternate  movements  is  gravity,  and  the  motion  is 
called  an  osciUailon. 

To  aid  in  the  study  of  the  movements  of  the  pendulum,  mathema- 
ticians distinguish  between  the  simple,  or  mathematical  pendulum,  and 
the  compound,  or  physical  pendulum. 

79.  Properties  of  the  simple  pendnlnm. — The  simple  pendulum 
consists,  by  mathematical  conception,  of  a  single  heavy  particle  of 
matter,  suspended  at  the  extremity  of  a  line,  without  weight,  inextcn- 
sible,  and  perfectly  flexible.  Such  an  instrument  is  purely  ideal,  and 
is  conceived  of  only  as  a  convenient  means  of  investigating  the  laws  of 
the  real,  or  physical  pendulum. 

Let  C  M,  fig.  43,  be  a  simple  pendulum,  in  a  vertical  position,  and 
consequently  in  equilibrium.  If  it  is  moved  to  the  position  C  m,  the 
weight  m  P,  acting  at  the  point  m,  is  decomposed  into  two  components, 
m  B  acting  in  the  direction  C  m,  and  consequently  destroyed  by  the 
resistance  of  the  point  of  support,  and  m  D  perpendicular  to  C  m, 
which  solicits  the  return  of  m  to  the  position  of  equilibrium.   This  last 
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component  is  equal  to  g  sin.  a ;  calling  g  the  accelerating  force  of  gravity, 
represented  by  «i  P,  and  a  the  angle  m  C  M,  or 
D  A  m,  which  is  the  same  thing. 

It  is  plain  that  the  component  m  D  must 
diminish  with,  the  angle  a,  that  is  in  proportion 
as  the  pendulum  approaches  the  point  of  equi- 
librium C  M.  The  accelerated  velocity  of  its 
fall  is  therefore  not  a  case  of  uniform  accelera- 
tion, since  it  becomes  null  when  the  pendulum 
is  vertical. 

The  pendulum  docs  not  however  rest  at  M, 
but,  in  virtue  of  its  acquired  velocity  (momen-  ^ 
tum),  it  rises  through  an  equal  ascending  arc, 
M  n,  with  a  retarded  motion,  since  the  compo- 
nent of  gravity,  tangent  to  the  arc  described,  is 
now  turned  in  the  opposite  direction — so  that  this  component  diminishes 
the  velocity  at  each  point  of  M  n,  by  a  quantity  equal  to  the  increase 
of  velocity  acquired  at  the  corresponding  points  of  w  M,  and  equi- 
distant from  M.  Thus  the  acquired  velocity  is  entirely  destroyed  when 
the  pendulum  has  passed  over  the  arc  M  n,  equal  to  M  m.  At  n  it 
rests  for  an  inappreciable  instant,  after  which  it  returns  again  to  M, 
mounts  to  w,  and  would  thus  continue  moving  for  ever  like  the  ball 
rolling]:  in  a  double  curve  (77),  supposing  it  met  no  resistance  from 
friction  and  the  air. 

Each  swing,  from  n  to  tn,  or  m  to  n,  is  called  an  oscillafion,  and  one 
half  the  angle  n  C  m,  or  one  half  the  arc  n  m,  which  measures  it,  is 
called  the  amplitude  of  the  oscillation.  The  time  occupied  in  describ- 
ing the  arc  m  n  is  the  time  or  duration  of  an  oscillation.  The  angle 
of  elongation  n  C  M,  or  M  C  m,  measures  the  deviation  of  the  pendu- 
lum from  the  vertical. 

80.  Isochronism  of  the  pendulum. — From  the  last  section  it  is 
evident  that  the  movements  of  the  pendulum,  on  each  side  of  the  verti- 
cal, are  made  in  equal  times.  But  it  is  also  true  that  the  duration  of 
an  oscillation  is  always  the  same,  in  the  same  locality,  and  provided 
the  angle  of  elongation,  n  C  M,  fig.  43,  does  not  exceed  4**  or  5**. 
Within  this  limit  the  time  of  oscillation  is  sensibly  the  same,  and  the 
pendulum  requires  as  much  time  to  describe  an  arc  of  one-tenth  of  a 
degree  as  one  of  ten  degrees.  The  explanation  of  this  curious  and  most 
remarkable  fact  is  to  be  found  in  the  varying  length  of  the  component 
I>  m,  fig.  43,  which  increases  with  the  angle  of  elongation.  Hence, 
the  greater  length  of  arc  is  exactly  compensated  by  the  greater  velocity 
with  which  the  pendulum  describes  it   This  is  what  is  meant  by  the 
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MmUtm  of  the  pendulum — from  two  Qreek  words,  meaning  equal 
times.  This  isochroniflm  is  not,  however,  absolute,  unless  the  ampli- 
tade  of  the  oscillation  is  infinitely  small. 

81.  FonnnlaB  for  the  pendalum. — The  property  of  isochronism, 
the  other  properties  of  the  simple  pendulum,  when  the  amplitude 

ii  bfioitely  small,  are  comprised  in  the  formula — 

T representing  the  duration  of  an  oscillation,  I  the  length  of  the  pen- 
dalam,  x  the  relation  between  the  circumference  and  diameter  of  a 
circle  (equal  to  3*1416),  and  g  the  accelerating  force  of  gravity. 

If  the  amplitude  of  the  oscillations  is  not  infinitely  small,  the  formula 
becomes,  for  ordinary  limits, 

r=rJi7l4-^). 

\^  V  lepJ 

where  a  is  one-half  the  length  of  the  arc  n  m,  fig.  43.  It  requires  the 
aid  of  the  higher  mathematics  to  demonstrate  these  formulas  fully,  but 
we  may  deduce  from  them  the  following  important  propositions : 

82.  Propositions  respecting  the  simple  pendnlnm. — 1st.  Oscil- 
lations o  f  small  amplitude  are  mode  in  times  sensibly  equal.  By  substi- 
tuting in  the  first  formula  /  =  39"  14056  inches,  as  determined  by  experi- 
ment, for  the  seconds  pendulum  at  London,  and  let  T=  1',  we  shall 
find  the  accelerating  force  of  gravity,  5r=  32"  175  feet.  Substituting 
these  values  of  y  and  I  in  the  second  formula,  and  also  a  =  3*  1416  -r-  90 
=  0  0349,  we  shall  have  for  the  time  of  vibration  when  the  eIon;;ation 
is  four  degrees  on  each  side  of  the  vertical  T=  1*000076,  which  differs 
from  the  time  of  vibration,  when  the  arc  of  vibration  is  infinitely  small, 
by  only  seventy-six  millionths  of  a  second. 

2d.  The  duration  of  an  oscillation  in  pendulums  of  different  lengths^ 
is  proportional  to  the  square  root  of  the  length  of  the  pendulum.  This 
law  may  be  demonstrated  experimentally  by  comparing  pendulums  of 
different  lengths.  If  the  lengths  are  in  the  ratio  of  1,  4,  9,  then  the 
times  of  oscillation  will  be  as  1,  2,  3,  respectively.  Let  three  such 
pendulums,  arranged  as  in  fig.  44,  commence  to  oscillate  at  the  same 
time ;  it  will  be  found  that  the  one-foot  pendulum  makes  two  oscilla- 
tions for  each  oscillation  of  the  four-foot  pendulum,  and  three  oscil- 
lations for  each  one  made  by  the  nine-foot  pendulum.  The  time  of 
oscillation,  and  the  length  of  the  pendulum  being  known,  we  may 
determine  by  this  law,  Ist,  the  length  of  a  pendulum  which  would 
oscillate  in  any  proposed  time ;  and,  2dly,  the  time  of  oscillation  of  a 
pendulum  of  any  proposed  length.    For  the  times  of  oscillation  are  as 
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the  sqaare  roots  of  the  lengths,  or,  whafc  is  the  same  thing,  the 
lengths  are  as  the  squares  of  the  times.  44 
Or  mathematically,  by  sabstitating  hi  the  first  eqnaUon  " 

(81)  G  =  ^/i!— ^  which  is  a  constant  quantity  at  any  glTen 

place,  the  equation  becomes  Tz=Cy  I.  For  a  pendulum  of 
any  other  length,  as  T,  we  hare  r  =  (7|/T"and  comparing 

the  two     

T:  T'  =|/  III/  I'  :     and  aUo 

3d.  In  a  pendulum  of  invariable  length  the  duration 
is  inversely  proportional  to  the  square  root  of  the  inten- 
sity of  gravity.  Hence, 

where  y'  and  g  represent  the  intensity  of  gravitation  at  two 
places. 

83.  The  phyaical  or  compound  pendalnm:^ Cen- 
tre of  oscillation.— The  simple  pendulum,  as  already 
remarked,  is  only  an  intellectual  conception,  and  cannot 
be  realized  in  experiment.    Practically,  we  employ  for  the  physical 
pendulum  a  heavy  body,  suspended  by  an  inflexible  rod  from  a  fixed 
point.    The  axis  of  suspension  is  usually  a  knife  45 
edge  of  steel,  resting  on  polished  agate  planes,  or 
hard  steel.    In  the  physical  pendulum  the  rod  has 
weight  OS  well  as  the  ball ;  and  nearly  all  the  ma- 
terial points  of  both  rod  and  ball  are  placed  at 
different  distances  from  the  point  of  suspension. 
Let  us  examine  the  oscillations  of  any  two  of  these 
material  points,  m  and  n,  fig.  45.    If  they  were 
suspended  by  separate  threads,  then,  according  to 
the  IM  law,  m  would  oscillate  more  rapidly  than 
H ;  but  if  thoy  are  suspended  by  the  same  inflex- 
ible wire,  tltey  must  move  together,  and  make 
their  oscilliitious  in  the  same  time.    The  first  . — ^ 

accelerates  the  second,  and  the  second  retards  the 
first,  so  that  their  common  velocity  is  intermediate  between  the  velocity 
of  either  of  them,  oscillating  alone.  Such  a  compensation  takes  place 
in  every  oscillating  body,  and  between  the  particles  which  are  nearer 
and  those  more  remote  from  the  point  of  suspension,  there  is  always  a 
point  so  situated  that  it  is  neither  accelerated  nor  retarded,  but  oscil- 
lates exactly  as  if  it  were  suspended  alone,  at  the  end  of  a  thread, 
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without  weight  This  remarkable  point  is  called  the  centre  ofoadUa- 
Hon  ;  and  its  distance  from  the  point  of  suspension  is  the  Itngth  of  the 
peodulam.  This  is  equal  to  the  length  of  a  simple  pendulum  which 
voald  oscillate  in  the  same  time  as  the  physical  pendulum. 

The  posiUon  of  the  centre  of  oscillation  depends  upon  the  form,  mag- 
nitude, and  density  of  the  several  parts  of  the  pendulum,  and  the  posi- 
tion of  its  axis.  If  the  rod  of  the  pendulum  is  thick  in  proportion  to 
the  ball,  its  centre  of  oscillation  will  be  higher  than  in  a  contrary 
arrangement.  It  is  always  below  the  centre  of  gravity,  although  what- 
ever nuses  or  lowers  the  centre  of  gravity  will  change  the  centre  of 
oscillation  in  the  same  direction.  Whatever  may  he  the  positions  of  the 
point  of  suspension,  and  the  centre  of  oscillation^  they  are  always  itUei  ' 
ehangeabU  ;  i,  if  the  pendulum  is  suspended  by  its  centre  of  oscilln- 
tion,  these  two  points  exchange  their  functions,  and  the  oscillations  are 
made  in  the  same  time  as  before.  It  is  by  an  experiment  of  this  kind, 
that  the  centre  of  oscillation,  and  consequently  the  length  of  a  pendu- 
lum, is  determined.  This  remarkable  property  of  the  compound  pen- 
dulum was  first  demonstrated  by  Huyghens. 

84.  Application  of  the  pendulum  to  the  measurement  of 
time. — Galileo,  to  whom  wo  owe  the  discovery  of  so  many  important 
physical  laws,  discovered  also  the  properties  of  the  pendulum.  When  a 
ch«jir  boy  in  the  great  Cathedral  of  Pisa  (from  whose  bell  tower — the 
Uaning  tower  of  Pisa — he  demonstrated  long  afterward  the  laws  of 
falling  bo<lics),  and  not  yet  eighteen  years  of  age,  his  attention  was 
arrested  by  the  great  regularity  of  tiie  movements  of  a  lamp  Buspendc  l 
by  a  chain  from  the  ceiling  of  the  cathedral.  This  observation  led  him 
to  the  discovery  in  question.  Although  Galileo  attempted  to  employ 
the  pendulum  to  measure  time,  it  was  the  great  Dutch  philosopher. 
Christian  V.  Huyghens,  to  whom  we  are  indebted  for  the  invention 
(in  IG06)  of  the  clock  escapement,  by  means  of  which  the  pendulum  is 
made  to  perform  its  proper  function  as  a  time-keeper.*  This  apparatus 
is  seen  in  fig.  4C. 

An  obliqae-toothed  wheel,  R,  called  a  rachel  wheel,  is  moved  by  a  weight  and 
cord.  This  motion  is  controlled  by  a  piece,  a  b,  called  the  anchor  escapement, 
placed  abore  the  wheel  so  as  to  oscillate  on  its  axis  of  suspension,  o  o',  at  right 
angles  to  the  wheel.  The  oscillatory  motion  is  imparted  to  the  anchor  a  h  by 
the  pendulum  c  P,  which  is  made  to  communicate  with  tbo  axis  o  o'  by  the 
crotchet  o /.    If  the  pendulum  is  vertical  the  apparatus  is  at  rest,  for  then  the 


•  "The  Arabian  astronomers,  and  more  especially  En-Junis,  at  the  close  of 
the  tenth  century  and  during  the  brilliant  epoch  of  the  Abbassidian  Califs,  fir>t 
employed  these  vibrations"  (of  the  pendulum)  "  for  tbo  determination  of  time  " 
{HumboldVt  Comoty  Vol.  6, />.  19.) 
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pallet  b  of  the  escapement  holds  the  wheel  by  the  point  of  one  of  its  teeth. 
If,  however,  the  pendulum  is  then  moved  to 
the  left,  the  wheel  is  released  and  moves  for- 
ward by  force  of  the  weight,  until  the  other 
point  of  the  escapement  a  again  arrests  its 
motion;  but  the  return  swing  of  the  pendulum 
in  its  turn  disengages  a,  and  the  wheel  R  ro- 
▼olves  the  space  of  another  tooth,  when  it  is 
again  caught  on  b,  and  so  on.  The  motion  of 
the  wheel  K  is  thus  made  up  of  small  equal 
advances,  succeeding  each  other  regularly  with 
the  oscillations  of  the  pendulum.    The  points 
of  the  teeth  on  the  racket  wheel,  and  also  the  ^ 
points  of  the  escapement  anchor,  are  carefully  f,    '  i  / 
formed  to  offer  the  least  possible  friction  and  J      ^  f 
resistance  to  motion. 

The  pendulum  and  escapement  of  a  clock 
are  so  arranged  as  to  prevent  the  clock  from 
running  down,  except  by  the  regular  and 
measured  velocity  indicated  by  the  movement 
of  the  pendulum  and  escapement  On  the 
other  hand,  the  escapement  is  so  cunstruclcd 
that  the  rachet  wheel  imparts  to  it  a  slight 
pressure  at  every  swing  of  the  pendulum,  suffi- 
cient to  counteract  the  retarding  force  of  fric- 
tion to  which  the  pendulum  is  subject  The 
train  of  wheel-work,  of  which  the  clock  is  p 
composed,  serves  to  record  the  vibrations  of 
the  pendulum,  and  indicate  at  once  to  the  ob- 
server the  progress  of  time. 

85.  Cycloidal  pendalam. — Owing  to  the  resistance  of  the  air,  and 
to  frictiun,  a  pendulum  unconnected  with  other  machinery  haa  the 
amplitude  of  its  vibrations  gradually  diminished,  and  vibrations  vary- 
ing greatly  in  amplitude,  vary  very  sensibly  in  the  time  in  which  they 
are  performed.  To  make  vibrations  of  different  amplitude  absolutely 
isochronous,  Iluyghens  conceived  the  idea  of  making  the  pendulum 
describe  a  cycloid,  which,  it  will  be  remembered,  is  the  curve  of  swiftest 
descent  (70).  The  vibrations  of  such  a  pendulum  would,  in  theory,  bo 
absolutely  isochronous;  but  the  mechanical  difficulties  in  the  way  of 
adapting  the  pendulum  to  motion  in  this  curve  forbid  its  adoption. 

A  long,  heavy  pcnilulum  vibrating  in  a  very  small  circular  arc,  is  found  in 
practice  the  most  perfect,  and  is  fur  this  reason  generally  used  in  astronomical 
clocks.  The  sources  of  error  in  the  clock  ariifiug  from  inequalities  of  tempera- 
ture will  be  considered  in  the  chapter  on  heat. 

8G.  Physical  demonstration  of  the  rotation  of  the  earth  by 
means  of  the  pendulum. — Mr.  Leon  Foucault,  in  1851,  executed  the 
first  physical  demonstration  that  had  been  made  of  the  rotation  of  the 
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Mrth  apon  ita  azU.  This  remarkable  and  most  interesting  experiment 
consists  in  suspending  a  heavy  ball  to  a  long  and  flexible  wire,  and 
allowing  the  whole  to  vibrate  freely,  in  the  manner  of  a  pendulum. 
Under  these  circamstances  it  will  be  found,  in  these  latitudes,  that  the 
plane  of  vibration  gradually  chaiiges  its  position,  turning  slowly  from 
eart  to  west,  or  with  the  motion  of  the  hands  of  a  watch. 

The  connection  between  the  motion  of  the  pendulum  plane  and  the 
earth's  rotation,  may  be  easily  understood.  A  pendulum  set  in  motion 
will  conUnae  in  the  same  plane  of  vibration,  however  the  point  of  sus- 
pension  may  be  rotated.  This  may  be  proved  by  holding  in  the  fingers 
a  pendulam,  made  of  a  simple  ball  and  string,  and  causing  it  to  vibrate. 
Upon  twirling  the  string  between  the  fingers,  the  ball  will  rotate  on  its 
axis,  without,  however,  affecting  at  all  the  direction  of  its  vibrations. 
The  reason  for  this  is  obvious ;  the  swinging  pendulum,  when  about  to 
retam  (after  an  outward  oscillation)  from  its  point  of  rest,  is  made  to 
move  from  that  point  by  gravity  alone,  and  can,  therefore,  fall  in  but 
one  direction. 

If  a  pendulum  were  oscillating  at  either  of  the  poles  of  the  earth,  the 
plane  of  revolution,  as  it  would  not  change  with  the  revolution  of  the 
earth,  would  mark  this  revolution,  by  seeming  to  revolve  in  a  contrary 
direction,  and  in  24  hours  it  would  make  apparently  the  whole  circuit 
of  300  degrees.  But,  at  the  equator,  the  plane  of  vibration  is  carried 
forward  hy  the  revolution  of  the  earth,  and  so  undergoes  no  change 
with  reference  to  the  meridians.  Between  the  equator  and  the  poles, 
the  time  required  for  the  pendulum  to  make  3G0'',  varies  according  to 
the  latitude,  being  greater  the  further  from  the  poles. 

The  observed  rate  of  motion  of  the  plane  of  vibration  nearly  coincides 
with  that  indicated  hy  calculation.  Thus,  at  New  Iluvcn  (N.  lat.  4V* 
the  calculated  motion,  per  hour,  was  9-928°  the  observed  motion 
was  0-97°.  (C.  S.  Lyman.) 

The  greatest  length  of  the  pendulum  wire  hitherto  employed  was  that 
of  220  feet,  in  the  Pantheon  at  Paris.  At  Bunker  Ilill  Monument  it 
was  210  feet  long;  at  New  Haven  71  feet.  The  weis;ht  of  the  ball  em- 
ployed (usually  lead),  has  varied  from  2  to  90  pounds.  The  longer  the 
wire,  and  the  heavier  the  ball  of  the  pendulum,  the  greater  will  be  the 
probability  of  accurate  results,  for  when  the  mass  of  the  body  is  great, 
and  its  motion  slow,  the  resistance  of  the  air  will  have  but  compara- 
tively little  effect  on  the  direction  of  the  vibration. 

87.  The  pendnlnm  applied  to  the  study  of  gravity. — By  the 
pendulum  we  ascertain  more  accurately  than  by  any  other  method  the 
truth  of  the  first  law  of  falling  bodies ;  viz.,  that  gravity  acts  equally 
upon  matter  of  every  description  (71).    Newton,  and  more  recently 
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Bessel,  verified  this  law,  by  using  a  pendulum  having  a  hollow  ball, 
which  was  filled,  successively,  with  various  substances — ^metals,  ivory, 
meteoric  stones,  wool,  feathers,  liquids,  &c. — ^that  could  not  be  otherwise 
submitted  to  trial.  This  experiment  affords  the  most  precise  and  unmis- 
takable evidence  that  gravity  (g)  acts  on  all  bodies  in  the  same  manner. 
Since  ft  is  a  constant  quantity,  the  formula  for  the  pendulum  shows 
that  if  T  and  I  do  not  vary,  ff  remains  also  constant. 

88.  Use  of  the  pendulom  for  measoring  the  force  of  gravity. — 
The  value  of  the  term  g  for  any  place  may  be  easily  obtained  mathe- 
matically (the  length  of  a  pendulum  which  oscillates  in  a  given  time 
{T)  being  known),  by  transposing  the  formula  for  the  pendulum  (81) ; 
thus  we  have  for  the  intensity  sought — 

9  =  -^i    and  assuming  Tequal  unity,  then  I  u 

t!ie  length  of  a  seconds  pendulum,  and  we  have 
g  =  7tH. 

Experimentally,  we  may  determine  the  intensity  of  gravity  at  any 
place,  by  counting  with  exactness  the  number  of  oscillations  made  at 
the  place  of  observation  in  a  given  time,  by  a  pendulum  whose  length 
is  known,  and  then  dividing  the  time  by  the  number  of  oscillations. 
Any  error  in  observing  the  time  of  a  single  oscillation  is  thus  greatly 
diminished,  by  subdivision,  and  by  a  sufficient  number  of  repetitions 
tliis  error  may  be  reduced  to  a  quantity  too  small  for  consideration. 

It  was  thus  that  Burda  and  Cassini,  in  1790,  measured  with  great 
accuracy,  the  intensity  of  gravity  at  the  Observatory  in  Paris,  using  a 
pendulum  composed  of  a  platinum  ball,  suspended  by  a  fine  platinum 
wire,  upon  knife  edges  of  steel,  resting  on  agate  planes.  The  whole 
was  about  four  metres  long,  and  its  oscillations  were  counted,  not 
directly,  but  by  means  of  an  ingenious  comparison  with  the  motions  of  a 
clock  pendulum,  placed  a  few  metres  behind,  marking  by  a  telescope 
tlie  occurrence  of  a  coincidence  in  the  vertical  position  of  the  two  pen< 
duluma,  and  then  observing  the  number  of  seconds  before  a  coincidence 
occurred  again.  The  pendulums  were  inclosed  in  glass  cases,  to  avoid 
currents  of  air. 

89.  Value  of  g  in  these  experiments. — After  carefully  elimi- 
nating the  errors  of  experiment  due  to  the  influence  of  the  air  (the  con 
sideration  of  which  would  lead  us  too  far  into  the  refinements  of  this 
subject  for  our  limited  space),  Bordaand  Cassini  found  for  the  intensity 
of  gravity  at  Paris  <7  -=  9-8088  metres,  equal  to  32-1798  feet  This 
value  has  been  confirmed  by  Arago,  Biot,  and  others,  and  slightly  cor- 
rected by  Bessel,  by  considering  the  loss  of  weight  in  air  due  to  the 
motion  of  the  pendulum,  giving  the  quantity  g  =  9'809C  metres. 
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Seconds  pendolnm. — On  the  other  hand,  when  we  know  the 
aocelermting  force  of  gravity,  at  any  given  place,  it  is  easy  to  calcu- 
late the  length  of  the  simple  pendulum  vibrating  seconds,  assuming  the 
ooeillatioiis  to  be  infinitely  small.  Thus  in  the  formula  for  the  pendu- 
lum (81),  making  T=  1",  and  using  fur  g  the  value  determined  for 
the  place,  we  have  /  =  at  Paris  0  903860  metre  =  39* 127  inches,  and 
correetiona  being  made  for  the  interference  of  the  air,  tliis  quantity,  as 
determined  by  Bessel,  is  0*993781  metre  =  39* 123G7  inches. 

II.    XODIFICATIOXS  OW  TERRESTRIAL  GRAVITY  AND  THEIR  CAUSES. 

90.  The  intensity  of  gravity  varies  with  the  latitude. — Very 
oumerons  observations  made  with  the  pendulum,  on  different  parts  of 
the  earth's  sorface,  have  shown  that  the  force  of  gravity  is  by  no  means 
the  same  at  all  places,  and  particularly  that  it  increases  in  going  from 
the  equator  toward  either  pole.  This  result  is  observed  in  the  increa»> 
ing  length  of  the  pendulum  vibrating  seconds,  since  by  {  88,  g  is  pro- 
portional to  /,  the  pendulum  must  be  longer,  as  the  force  of  gravity  is 
greater,  to  preserve  the  same  time  in  oscillation.  The  value  of  g  for 
any  latitude  is  obtained  with  approximate  accuracy  by  the  formula 
y  =  32-17070  (1  —  0-00259,  cos.  2>l),  in  which  >l  is  the  latitude  of  the 
place,  and  32,17070  feet  the  value  of  g  at  latitude  45°.  By  substituting 
ft»r  /,  successively  0°  and  90^,  we  obtain  at  the  equator  g  —  32  0874377 
feet,  and  at  the  {wles  g  —  32-25 10i<3  feet. 

Tbc  following  tablo  of  the  variation  in  the  length  of  the  seconds  pendulum,  with 
the  latitude,  is  condonsed  from  a  largo  liiit  in  Saigoy.  {Fhyai^uv  du  (Jlube, 
p.  132,  t.  2.) 


Plicei  ebferred. 

LaUludos. 

Lvn^h  of  secoada 
peudulum  in  Aiiivri- 
ciku  iucbtrx.* 

Nunei  or  obccrrera. 

SpitzU'r^'H,  .... 

49' 

5S"  N. 

39-21 61492 

Sabine. 

lirt:«nland,  .... 

74° 

:v2' 

19"  " 

39-204339 

St.  Petersburg,   .    .  . 

yj" 

56' 

31"  " 

39-1 70  4S 18 

Lntk6. 

4S° 

50' 

14"  •• 

39-1299322 

liiut. 

Xcw  York  

40° 

42' 

43"  " 

39  1023743 

Sabine. 

17° 

56' 

07"  " 

39  0362352 

« 

St.  Tbomafl,  W.  I..  ,  . 

0° 

24' 

41" 

39  0216688 

Maranbam,  .... 

2° 

31' 

35"  S. 

39-0126141 

Foster. 

55' 

22"  " 

39-0452S99 

Ba^^il  Hall. 

Cape  of  Good  Ilupc, 

33° 

55' 

56"  " 

39  0795405 

Fallows. 

55° 

51' 

20"  " 

39-1567028 

Foster. 

.V.  .Shetland  

62° 

56' 

11"  " 

391S07176 

n 

*  In  reducing  Saigey's  table  of  lengths  of  the  seconds  pendulum  at  different 
localities,  to  American  inches,  the  French  metre  has  been  taken  at  39  36850535 
inches,  as  adopted  by  the  United  States  Coast  Survey. 
8* 
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Xamerons  obsemulons  oo  the  U.  S.  Covt  Sunrej,  ind  elsewhere, 
diow  that  the  raloe  of  jr  is  bj  no  means  rigorooslj  the  same  at  all 
pjints  on  the  same  |>araUeI :  a  dborepancT  to  be  explained  only  by 
tfupfiosing  an  inherent  difference  in  the  cunstitation  of  the  earth's  crnst 
at  different  places. 

The  variation  of  grariij  with  change  of  latitude  is  doe  to  two  causes. 
Ut.  To  tlie  flattening  of  the  earth  at  its  pities.  2d.  To  the  centrifugal 
force  created  by  the  rGTi.*lut:on  of  the  earth  upon  its  axis.  The  lust 
cause  also,  beyond  djub;,  iniucei  the  flattening  of  the  poles  in  the 
earlier  history  of  our  planet. 

91.  Influence  of  the  earth's  fignre  upon  gravity. — Until  IGGC 
the  perfect  stpherioity  of  the  earth  had  nu^been  questioned,  although  in 
the  preceding  century  the  flanening  of  the  planet  Jupiter  at  the  poles 
had  been  observe  J.  Subsei^uently  (in  1C72),  Richer,  sent  by  the 
Academy  of  Parid  to  Cayenne,  remarked  that  his  pendulum  no  longer 
beat  seconds  at  the  latter  place,  until  it  was  shortened  a  line  and  a  quar- 
ter from  its  length  at  Paris.  This  observation  at  once  indicated  a  less 
force  of  gravity  at  Cayenne  than  at  Paris,  and  suggested  doubts  respect- 
ing the  sphericity  of  the  earth.  Iluyghens  attributed  this  diminution 
of  the  force  of  gravity  to  centrifugal  force,  and  conceived  that  the  earth 
must  be  bulged  out  at  the  equator. 

lluyghens  and  Xcwton,  assuming  that  the  earth  had  become  solid 
from  an  originally  fluiil  mass,  whose  particles  attracted  each  other, 
subject  to  the  la\v:$  of  liydn^statics  and  of  the  centrifugal  force,  arrived 
at  the  conclusion,  from  mathematical  calculation,  that  the  earth's  figure 
was  that  of  an  oblate  (iphcroid,  whot^e  polar  diameter  was  about  2G 
miles  less  than  its  equatorial.    Laplace  47  , 

reached  almost  the  same  conclusion,  by 
calculating  llie  effect  of  the  equatorial 
mass  on  the  nu>tions  of  the  m«Hm.  The 
effect  of  the  centrifugal  force  upon  a 
yielding  m:\ss,  may  be  shown  by  the  ap- 
paratus, fig.  47.  Two  circles  of  wire,  or 
flexible  metallic  ribbons,  are  attached 
bel'»w  to  an  axis,  and  aliove  to  a  sliding 
ring,  and  being  rapidly  rotated  by  the 
whirling  table,  the  circles  flatten  in  the 
direction  of  the  axis,  and  hnlge  at  the 
erpiator,  as  shown  by  tlie  dotted  lines. 

But  it  was  only  by  the  actual  measurement  of  an  arc  of  meridian 
that  the  exact  figure  of  the  earth  became  known.  This  important  ge«>- 
desic  operation  wsis  undertaken,  by  La  Condamine  and  others,  in  1736 
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io  Peru,  by  order  of  the  French  government,  and  was  less  accurately 
performed  by  Picard  in  France*  in  1669.  This  operation  led  to  the 
eonclusion  (since  demonstrated  by  numerous  similar  measurements), 
thai  the  saccessive  arcs  on  the  same  meridian,  comprised  between  two 
Terticals  forming  an  angle  of  1**,  become  larger  and  larger  as  we  ad- 
ranee  toward  the  poles.  Consequently,  the  equatorial  radius  is  greater 
than  the  polar,  and  the  plumb  line  will  point  to  the  centre  of  the  earth 
only  in  one  of  those  radii. 

The  astronomers  Mason  and  Dixon,  who,  in  1764-6,  established  the 
Ixiundaries  between  Pennsylvania,  Delaware,  and  Maryland,  afterwards, 
in  1768,  re-measnred  a  line  of 538,067  feet,  with  great  accuracy,  very  near 
the  meridian,  for  the  purpose  of  determining  the  value  of  an  arc.  Four> 
fifths  of  this  (434,011/^0)  was  one  unbroken  line,  without  triangulatton, 
on  a  vast  level  plain.  They  used  rods  of  fir,  frequently  compared  with  a 
standard  brass  measure  at  a  fixed  temperature.  They  found  the  length 
of  a  degree  of  latitude  to  be  363,763  English  feet.  (Phil.  Trans.  1768.) 
The  general  results  maj  be  illustrated  by  the  following  diagram. 

Let  the  line  A  P,  fig.  48,  represent  a  quad- 
rant of  a  meridian,  of  which  0  P  is  the  polar, 
and  O  A  the  equatorial  radius.  Let  us  take 
■tatiuns  on  this  meridian,  ono  degree  distant 
from  each  other,  commencing  from  the  equa- 
tor, and  from  each  station  prolong  the  direc- 
tiuo  iif  the  plumb  line  until  it  intersects  the 
plumb  line  similarly  produced  from  the  pro- 
rioas  station  ;  abe  arc  three  such  point?,  and 
it  is  plain  that  the  intersections  of  the  plumb 
lines  from  each  of  the  ninety  verticals  on  the 
qnadrant,  would  together  evolve  the  curve 
It  h  r  p,  and  the  same  if  the  stations  were  in- 
finite. Objects  on  different  parts  of  the  earth's 
isurface  are  not  attracted  to  a  common  centre 
•  •f  pravity.  The  centre  of  gravity  for  any 
(K.  nt,  A.  H,  C,  P,  on  the  quadrant,  A  P,  must  lie  in  the  corresponding  points, 
a,  I-.  p,  where  th«?  respective  normals  cut  the  cvolute  n  p.  At  A,  for  example, 
:be  aitruction  of  gravity  acts  os  if  it  originated  at  <i,  for  B  at  b,  for  C  at  r,  Ac. 
Lut  tbc  inteM»ity  of  gravity  is  greater  at  li  than  at  A.  at  C  than  at  B,  and  so  on. 

The  revolution  of  the  evolute  a p  on  its  axis  Op  will  evidently  generate  a 
surface  (called  a  locna),  in  which  will  be  found  the  centres  of  gravity  for  all 
points  on  the  upper  hemisphere,  and  a  similar  surface  may  be  produced  for  all 
points  on  the  lower  hemisphere  by  the  revolution  of  the  curve  ap'. 

Evidently,  therefore,  a  body  placed  at  the  equator  will  bo  very  differ- 
ently affected  by  the  force  of  gravity,  from  what  it  wtiuld  if  placed  at 
the  poles.  The  amount  of  flattening  at  the  poles  is  about  ^^^^  of  the 
equatorial  radius,  or,  accurately,  ^  ^^^.^  ;  that  is,  the  polar  radius  is  so 
much  shorter  than  the  equatorial — exactly  21-319  kilometres,  equal 
13  24648;i  miles;  or  in  the  diameter  nearly  26}  miles  (26-492060).  In 
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an  exact  model  of  the  earth  15  inches  diameter,  it  woald  be  repre> 
sented  by  of  an  inch;  a  quantity  too  small  to  be  detected  by  the  eye 
or  hand. 

92.  Exact  dimension*  of  the  earth. — According  to  the  latest  cal> 
culatioDs  the  exact  dimensions  of  the  earth,  as  given  by  Koliler,  when 
reduced  to  American  standard  measures,  are  as  follows : 

Volume  of  the  earth,    259,756,014,917  cubic  miles. 
Surface  of  the  earth,    196,881,077       square  miles. 
Length  of  a  quadrant,  6213-90609  miles. 
Mean  radius  (lat.  45°),  3955  94978 
Equatorial  radius,       3962*57302  " 
Polar  radius,  3949  32054  " 

Difference  between  the  last  two  dimensions  13*24648  miles. 
The  equatorial  swelling,  or  that  portion  of  the  earth  which  lies  outside  of 
a  perfect  sphere,  whoso  circumference  is  described  by  the  polar  radios, 
is  part  of  the  whole  volume  of  the  earth.  Two  verticals  include  an 
angle  of  l^'  when  they  are  101*7  feet  distant  from  each  other,  and  they 
will  inclose  a  sector  of  V  when  they  are  distant  from  each  other  1*15 
miles. 

93.  Sensible  weight  varies  in  different  localities. — The  vame 

bodj  ia  gcnaibly  lighter  at  the  equator  than  at  the  poles  of  the  earth,  in  the 
ratio  of  191  to  196.  This  difference  cannot  be  detected  by  the  balance,  becansa 
the  thing  weighed  is  counterpuiticd  by  an  equal  49 
standard  weight,  under  the  came  circumstances; 
and  if  both  are  removed  to  another  station,  their 
weight,  if  changed,  will  bo  changed  equally,  and  a 
body  and  its  counterpoise  once  ai^usted,  will  con- 
tinue to  balance  each  other  wherever  they  are  car- 
ried. It  i»  not  in  this  sense  that  194  lbs.  at  the 
equator  will  weigh  195  lbs.  at  the  poles;  but  if  we 
conceive  a  body,  y,  sui<pended  by  a  cord,  imagined 
without  weight,  passing  over  a  pulley  at  the  equator, 
as  in  the  annexed  figure,  49,  and  connected  by 
other  pulleys,  all  without  friction,  with  x,  another 
equal  weight,  at  the  poles;  then,  although  the 
weights  would  counterpoise  each  other  in  a  balance,  they  would  not  in  this 
situation,  but  the  polar  weight  would  preponderate,  and  jf  would  require  to  be 
iucreas<cd  by  -,  ^^tl>  pi^^t,  to  restore  the  equilibrium. 

The  above  phenomena  are  readily  demonstrated  by  the  spring-balance,  or 
dyuaniometer  (.37.) 

94.  Effect  of  the  earth's  rotation  on  gravity. — Newton  and 
others  liave  determined,  by  calculation,  that  the  increase  of  weight, 
due  to  the  spheroidal  form  of  the  earth,  is  ^Jg,  when  a  body  is  trans- 
ported from  the  equator  to  the  poles ;  yet  the  difference  of  weight  is 
found  experimentally  to  amount  to  the  much  more  considerable  quan- 
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dtj  of  part  of  the  total  weight  of  the  body.  This  large  difference 
is  aeooiiikted  for  by  the  oentrifugal  force,  which  is  nothing  at  the  poles, 
and  regularly  increases  towards  the  equator,  where  it  is  greatest,  and 
in  the  same  ratio  diminishes  the  weight  of  bodies  on  tbc  earth's  sur- 
face. The  earth  revolves  once  in  24  hours,  but  if  it  revolved  seventeen 
times  more  rapidly  than  it  now  does,  or  in  Ih.  24m.  25s.,  the  centrifugal 
force  would  balance  the  force  of  gravity,  and  bodies  at  the  equator  would 
hare  no  sensible  weight  If  the  velocity  of  revolution  was  farther 
increased  the  oceans  would  be  thrown  off  like  water  from  a  grindstone, 
and  all  loose  materials  would  fall  into  space. 

Demonstration. — By  the  laws  of  centrifugal  force  it  follows  that  the  ob- 
served weight  of  any  snbstanee  on  the  earth's  surface  is  the  difference  between  the 
earth's  attraction  and  the  eentrifagal  force  developed  by  the  revolution  of  the 

earth.   By  J  54  the  centrifugal  force  at  the  equator  —  C  =         i  R  being  the 

eqaatorial  radios,  and  7*  a  diurnal  revolution.    If  O  represent  the  attraction  of 

the  earth,  and  g  the  weight  of  a  body  at  the  equator,  then  (  1  )  g=0  — . 

Let  M,  fig.  60,  be  a  material  particle  taken  on  any  parallel,  and  represent  A 
the  radios  of  this  parallel,  by  r,  the  centrifugal  50 

4nV 

force  at  this  point,  mf=c  =  But  as  this 

force  does  not  act  in  the  direction  of  gravity,  de- 
compose it  into  two  others,  one  of  which,  m  b, 
beioj^  at  right  angles  to  gravity,  has  no  effect 
apoo  it,  and  the  other  in  a  acting  directly  against 
gravity.  Let  m  0  E,  the  latitude  of  the  place, 
which  is  equal  to  a  m/,  be  dcisignatcd  by  L,  tbcn  in 
the  right-angled  triangle  am/,  ma  is  equal  to 
w/  X  co!«inc  of  am/ =  e  cos  L.  In  the  triangle 
AwiO,  Aw  =  r=  i?  cos.  L.  It  follows  that  the  vertical  coiiipoueut  ma  =z-. 
Afi'R 

cos.'  L.    The  force  of  gravity  at  m  is  then, 

(2)j7=<;— —  co8.»£. 

The  diminution  of  gravity  duo  to  the  centrifugal  force  is  therefore  propor- 
tional to  the  square  of  the  cosine  of  the  latitude.  At  the  pole,  where  L  -—  90°, 
g  —  G.  At  the  equator  L  =  0,  and  g  is  found  by  the  formula.  In  the  first 
foimula  (T)  the  value  of  the  second  term  of  the  equation  being  very  small  in 

/        Art- It  \ 

rtlaiion  to  the  first,  gives  very  nearly  g=Gll  TyT  )'      I'la^ing  t?  as  a 

cnmmon  factor,  and  replacing  it  in  the  denominator  of  the  second  term  by  g. 

Taking  for  the  mean  radius  of  the  earth  R  =  20,887,413  feet,  and  g  =  32  1 798 
r«ct,  and  T  =  86,164  seconds  (the  time  of  a  revolution  of  the  earth  on  its  axis), 

we  find  for  the  value  of         very  nearly  —  =  ^.    If,  therefore,  the  earth 
gT*  289  17» 
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reToIved  17  times  faster  than  it  does  «i  present,  making  T  seyenteen  times 
smaller,  the  second  term  in  the  parenthesis  would  become  unity,  and  the  yalue 
of  If  would  be  zero,  or  bodies  at  the  equator  would  hare  no  weight.  The  ezpres« 
sion  (I)  enables  us  to  calculate  the  attractive  force  at  the  equator,  assuming  as 
a  starting  point  the  value  ff  —  32*09026  feet  as  the  value  of  gravity  as  indicated 
by  the  pendulum.  We  then  find  the  attractive  force  at  the  equator  G  =  32-20147 
feet,  and  the  centrifugal  force  at  the  equator  =  0*111216  feet. 

95.  Variation  of  gravity  above  the  earth  and  below  its  sur- 
face.— By  the  law  uf  gravitation  it  follows  that  as  we  rise  above  the 
enrth  the  force  of  gravity  must  diminish.  This  diminution  is  sufficient 
to  be  appreuiable  at  any  considerable  distance  above  the  level  of  the 
sea ;  therefore,  to  compare  the  results  of  experiments  relating  to  the 
force  of  gravity  at  different  situations  on  the  earth's  surface,  it  is  neces- 
sary to  reduce  all  observations  to  a  common  standard — the  sea  level. 

Representing  by  the  intensity  of  gravity  at  any  elevation  A,  and 
the  earth's  radius  by  neglecting  the  variation  of  the  centrifugal 
force,  we  have 

g:g'  =  {R  +  hY:R';  hence  g  = 

The  mean  distance  of  the  moon  from  the  earth's  centre  is  about 
sixty  times  the  equatorial  radius  of  the  earth,  and  it  completes  its  orbit 
(assumed  to  be  circular)  in  27*322  days.  As,  therefore,  the  intensity 
of  the  earth's  attraction  at  the  moon  equals  the  centrifugal  force  (as  is 
evident  from  physical  astronomy),  this  force  can  be  calculated  by  sub- 
stituting for  12  sixty  times  the  earth's  radius,  in  the  formula  for  centri- 
fugal force.  Substituting  for  T  the  time  of  a  lunar  revolution  expressed 

in  seconds,  we  find  for  the  earth's  attraction  on  the  moon  g  =  ^  

0.00079  feet,  which  is  about  3G00  times  less  than  the  attraction  of 
the  earth  for  bodies  on  its  surface  at  the  equator  (assuming  for  bodies 
OS  distant  as  the  moon  that  the  attraction  of  the  earth  is  concentrated 
at  its  centre).  This  agrees  with  the  law  of  gravitation,  the  square  of 
GO  being  3G00. 

Below  the  earth's  sarface,  assuming  the  earth  to  be  a  sphere,  the 
force  of  gravity  is  proportional  to  the  distance  of  the  particle  from  its 
centre.  It  is  plain  that  the  force  of  attraction  at  any  poin*  beneath 
the  surface  is  diminished  by  whatever  part  of  the  earth  is  above  the 
particle,  and  the  resultant  force  is  the  difference  between  the  two  com- 
[)oncnt8.  Could  a  Ixxly  be  placed  in  empty  space  at  the  centre  of  the 
earth,  it  would  be  sustained  there  without  any  material  support  by  the 
equal  and  opposite  attractions.  It  can  also  be  demonstrated  mathe- 
matically that,  if  the  earth  were  a  hollow  sphere  of  uniform  density, 
a  material  particle  would  remain  at  rest  at  any  point  within  it.  It 
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follows  from  this  that: — The  attraction  of  the  earth,  fw  a  particle  of 
matter  below  ita  mrfaeey  m  directly  proportional  to  its  distance  from  tlu 
centre  of  the  earth, 

H-  Mass  and  Weight. 

96.  Mass. — ^The  moss  of  a  body  is  the  quantity  of  matter  which  it 
contains ;  and  since  the  absolute  weight  of  a  mass  of  matter  is  the  sum 
of  the  attraction  of  gravitation  upon  all  its  molecules,  it  follows  that,  in 
the  same  place,  the  masses  of  bodies  are  to  each  other  as  their  weights. 
Calling  the  mass  Jf  and  the  weight  W,  and  the  force  of  gravity  g,  for 
any  given  body,  then  W=Mg.  We  have  already  seen  (41)  that  the 
masses  of  bodies  may  be  compared  by  the  forces  required  to  impart  to 
them  equal  velocities.  Since  gravity  acts  equally  on  mntter  of  what- 
ever description,  this  comparison  may  also  be  made  by  comparing  their 
weights  when  otherwise  under  the  same  conditions. 

97.  Weight. — ^The  term  weight  as  used  above,  and  always  in  scien- 
tific language,  means  the  pressure  exerted  by  a  given  mass,  due  to  the 
force  of  gravity.  This  varies,  as  we  have  seen,  with  the  force  of  gravity, 
and  is  not  the  same  for  the  same  mass  at  all  parts  of  the  earth's  sur- 
face (93).  The  weight  of  any  given  kind  of  matter  varies  also  with  its 
mass.  A  mass  of  two,  three,  or  ten  times  a  given  unit  weighs  two, 
three,  or  ten  times  as  much  as  that  unit  at  the  same  place,  and  hence 
we  are  very  prone  to  confound  the  weight  of  a  substance  witli  its  mass. 
On  the  surface  of  the  earth  this  confusion  of  terms  can  lead,  as  we  have 
seen  (93),  to  an  error  of  only  about  one  two-hundredth  part  of  the 
wh»>le  ( j)'  That  is,  a  mass  of  iron  weighing  1000  lbs.  on  the  equator 
would  weigh  1005  lbs.  at  the  pole.  Such  a  mass  of  iron  would  weigh 
only  5(X)  lbs.  at  a  distance  of  2000  miles  below  the  surface  of  the  earth, 
or  1C50  miles  above  the  earth,  and  only  IGO  lbs.  on  the  mo<m,  while  it 
would  weigh  abt)ut  2G00  lbs.  on  the  planet  Jupiter,  and  28,000  lbs.  if 
placed  on  the  sun. 

98.  Density. — The  density  of  a  body  is  the  mass  comprised  under  a 
unit  of  volume,  or  M=  VX  A  where  the  mass,  M,  of  a  body  is  equal 
to  its  volume,  T,  multiplied  by  its  density,  D ; 

transferring,  we  have    V=  jj. 

This  may  be  otherwise  stated,  thus — Ist,  the  mass  is  proportional  to 
the  volume ;  2d,  for  an  equal  volume  the  mass  is  proportional  to  the 
density  ;  and,  3d,  the  density  of  the  same  mass  is  inversely  proportional 
to  the  volume  it  occupies. 

99.  Specific  weight  is  the  weight  contained  in  a  unit  of  volume;  this 
is  also  oHen  called  specific  gravity.  Representing  specific  weight  by  w. 
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and  absolute  weight  by  TFJ  we  have  W=  FX  Wi  hence,  Ist,  the  weight 
is  proportional  to  the  volume ;  2d,  for  an  equal  volume  the  absolute 
weight  is  proportional  to  the  specific  weight;  and,  3d,  for  equal  abso- 
lute weights  the  specific  weight  is  inversely  as  the  volume. 

By  the  first  formula  we  have  w  =■  Dg,  whence  to  is  the  weight  of  the 
unit  of  volume,  and  D  its  mass.  Replacing  u>  by  this  value  in  the  last 
formula,  it  becomes  W=  VXDX9' 

Specific  weight  differs  therefore  from  density  exactly  as  weight 
differs  from  mass.  Both  weight  and  gravity  vary  with  the  latitude, 
and  the  unit  accepted  as  a  standard  varies  also,  but  when  the  same 
standards  are  employed,  the  numbers  expressing  the  weights  remain 
unchanged,  and  no  sensible  error  results.  The  terms  density  and 
specific  gravity  have  thus  been  used  interchangeably  fur  each  other, 
although,  speaking  strictly,  involving  different  quantities.  The  balance 
is  the  common  instrument  used  to  determine  weights.  It  will  be 
described  under  the  lever,  of  which  it  is  one  form. 

100.  French  system  of  weights. — As  in  measures  (16),  so  in 
weights  it  is  indispensable  to  assume  some  arbitrary  standard  unit. 
The  French  have  assumed  as  their  unit  of  weight,  the  pressure  exerted 
by  one  cubic  centimetre  of  pure  water  at  its  maximum  density  (39°.2 
Fahrenheit),  in  a  vacuum,  and  at  the  latitude  of  Paris.  This  unit  is 
called  a  gramme,  and  it  weighs  (nearly)  15*433  grains  English.  The 
gramme  is  multiplied  and  divided  decimally,  and  these  multiples  and 
subdivisions  are  named  on  the  same  plan  with  the  parts  of  a  metre : 
Thus  we  have, 


1  Kilogranamo   =  1000  grammes, 
1  Ilcctogrummo  —   100  " 
1  Decagrammo  =     10  " 
1  Urammo        =      1  " 


1  Gramme        =  1-000  gramme, 
1  Decigramme  =  0-100  " 
1  Centigramme  =  0010  " 
1  Milligramme  =  0-001  " 


The  kilogramme  is  the  commercial  unit  of  weight,  and  is  rather  less 
than  2^  lbs.  avoirdupois,  being  15,432'42  English  grains. 

The  French  unit  is  of  course  a  gramme  only  at  Paris,  and  at  higher 
or  lower  latitudes  weighs  (according  to  the  principles  before  explained) 
mure  or  less  than  a  gramme.  But  this  leads  to  no  practical  inconve- 
nience, so  long  as  a  net  of  exact  measurements  made  in  one  latitude  are 
not  brought  into  rigorous  comparison  with  those  made  by  the  same 
standard  in  another  latitude.  The  general  acceptance  of  the  French 
syrttcm  among  scientific  men,  and  its  special  fitness  for  scientific 
research,  owing  to  the  very  simple  relation  which  exists  between  it  and 
the  pyKtem  of  measures  already  described,  would  seem  to  render  the 
universal  adoption  of  a  decimal  system  of  weights  and  measures  for 
the  United  States  one  of  the  great  desiderata  still  to  be  accomplished 
for  our  common  country. 
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101.  SngU&h  and  American  aystem  of  weights. — In  Bugknd, 
thir  UuitetJ  Stale*,  tiry  ttbiiiict  uniu  of  weight  lire  tti  common  ubo, 

ti^  to  cotislntit  coiifuivktti,  Loth  at  tenuH  and  quitutitiBS,  Tliese 
nnltji,  tlie  Ti'*/y  fHmnd  n.nd  tlie  Aeoitriupoi:i  jmuntl,  are  entirely  arbitrary. 
TUey  aro  rvprp*pnt^J  by  t?t?rtfltin  tntts&ps  of  br*i&a,  ddcUrtNl  by  biw  to  be 
tJi*  legal  BUiidiirilH  of  tl»o  above  unmos.  These  ptmuds  hth  rduted 
meh  other  in  the  rtttJo  of  144  to  175,  andj  excepting  the  grains, 
Qooo  of  iheir  ftubdWisiona  &re  alike.  The  troy  jiuund  cunl^itus  5700 
(fr»ioi»  d!vi4e4  *mong  12  ouiicea^  ami  tLe  avoirditpoia  jwiuiid  coDtaine 
TiJOO  gmitiji  dmd«d  wnong  10  uuncea.  The  legal  standard  of  weight 
til  tiie  Utiked  States  is  the  tntf/ portiid,  copied  by  Capt  Kator  m  1H27 
from  ihe  EnglUh  Inip^iriol  Troy  pound,  far  the  U.  S.  Mint  at  PliilaUel- 
phto,  where  it  naw  is.  The  aToirflu^is  ptjund  m,  however,  the  utat 
<jf  weight  m  oetxial  in  mtjfit  commer<?ial  transactioiiB.  Kater*»  copy 
^  the  tF«)y  pound  Is  &  standard  at  02^  of  Fahrenheit's  thcrmutncter  and 
30  iacibcs  of  tho  barometer.  A  cubic  tneh  of  distilled  water  weighs  In 
llie  air  at  02°  Falireahelt  and  30  iuchca  baruiuetrle  pre^i^ure  252*456 

EojgUsli  utaodard  of  weight  is  connecled  with  that  of  measure  by 
tlkt  futrlkitieiiturv  ciinclnn^nt,  that 277  274  cubit:  inches  slmll  constitute 
the  Imjicrial  gallon  of  70,000  graiop,  or  ten  pounds  of  pure  water  at 
r,  and  30  itichea  bamnietria  preasure, 
Tb«  Am^rioLn  sittsidtird  ^afitni  contains  at  39^*83  F.  (tho  maxinium 
di?Q«tty  of  water  adopted  liv  Ilu^sler)  58,372  grains  uf  pure  water  at  30 
inches  barometric  pressure,  Tabl<!tt  for  the  uuniparison  and  reiluctlon 
wf  the  French,  K»gliah,  ami  Atncricim  units  will  ho  found  at  the  end 
of  tltti  1  Illume. 

102.  £«tUzLAtiaii  of  the  density  of  the  eartli  by  experiment, — 
tn  1h«>  vicinity  of  a  mnuutain  a  pliimtj^liuc  i»  not  tnity  perpendicular, 
ba!  i»  drAwu  to  one  side  hy  the  Ifttoriil  attraction  uf  the  mountain.  The 
aoiuuQt  gf  tliis  derialion  is  measured  by  observations  on  the  zenitli  di**- 
twow  of  a  star,  at  two  stations  on  opposite  sides  of  the  mountain,  and 
OQ  tli«  wuse  meridiua.  This  deviation  was  first  noticed  near  Mount 
Chiinb«>r*»o  in  1738,  by  theFrencli  Aaidemiuians  engaged  in  measuring 
ftjaendi^n  arc  m  Pcra.  where  the  devinttou  was  7^'-5,    In  1774,  Ma«- 

t  found  a  d«vitttiijo  gf  5"'8a,  caused  by  the  lateral  attraction  of 
ba]li«nt  an  isolated  mountaiu  in  Scotland.  Hutton  spent  three 
yean  in  aJK^irtaintng  the  mean  at  traction  of  one  thou&and  ntntiuns  on 
liiif  I*  ^  a  laU^r  roward^wl  by  the  Royal  Society  of  London. 

F.iti  mean  density  of  the  rock*  of  Sch^hallien  at  2-5  to  3  2, 

414!  I  hy  IMuyfutr,  the  mean  density  of  the  earth  was  deter- 

Ruiu  .  '  ^  flr  fynn  t'wtm  Iho  deositjf  of  water.    Tbc  accurate  ix^Tea- 
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tigation  of  this  problem  was  one  of  the  highest  importance  in  astronomy, 
since  it  furnished  the  means  of  determining  the  mean  density  of  the 
earth,  by  comparing  its  attraction  with  the  attraction  of  a  part  of  its 
mass,  whose  density  could  be  ascertained  by  direct  experiment. 

This  problem  is  solved  with  much  greater  precision,  by  the  famous 
experiment  of  Cavendish,  in  which  the  earth's  attraction  is  compared 
with  that  of  a  mass  of  lead. 

Cavendish's  determinations  of  the  dcnsitj  of  the  earth  wore  made,  in  1798, 
by  means  of  an  apparatus  snggested  by  the  Rev.  John  Michell. 

"  Michell's  apparatus  was  a  delicate  torsion  balance,  consisting  of  a  light 
wooden  arm,  suspended  in  a  horizontal  position,  by  a  slender  wire  60  inches 
long,  and  having  a  leaden  ball,  about  2  inches  in  diameter,  hung  at  either  ex- 
tremity. Two  heavy  spherical  masses  of  metal  were  then  brought  near  to  the 
balls,  so  that  their  attractions  conspired  in  drawing  the  arm  aside.  The  devia- 
tion of  the  arm  was  observed;  and  the  force  necessary  to  produce  a  given  deri- 
ation  of  the  arm,  being  calculated  from  its  time  of  vibration,  it  was  found  what 
portion  of  the  weight  of  either  ball  was  equal  to  the  attraction  of  the  mass  of 
metal  placed  near  it  From  the  known  weight  of  the  mass  of  metal,  the  dis- 
tance of  the  centres  of  the  mass,  and  of  the  ball,  and  the  ascertained  attraction, 
it  is  easy  to  determine  the  attraction  of  an  equal  spherical  mass  of  water,  upon 
a  particle  as  heavy  as  the  ball  placed  on  its  surface.  Now  the  attraction  of  this 
sphere  will  have  to  that  of  the  earth  the  same  ratio  as  their  densities ;  and  as 
the  attraction  of  the  earth  is  equal  to  the  weight  of  the  ball,  it  follows,  that  as 
the  calculated  attraction  is  to  the  weight  of  tho  ball,  so  is  the  density  of  water 
to  the  earth's  density,  which  is  thus  determined."  (  H'i7«on'«  Life  of  Cavendith.) 

A  comparison  of  about  two  thousand  experiments  with  an  improved 
form  of  this  delicate  apparatus,  conducted  by  Mr.  Francis  Bailey,  in 
1842,  determined  the  mcun  density  of  the  earth  to  bo  5*6604  times  that 
of  water.  It  is  worthy  of  remark  that  Newton,  whose  guesses  were 
often  worth  more  than  the  researches  of  less  sagacious  men,  had  con- 
jectured the  earth's  density  to  be  between  6  and  6  times  the  density 
of  water. 

The  calculation  is  conducted  thus.  Let  L  be  half  the  length  of  the  horizontal 
arm  of  wood.  G  the  attraction  of  the  masses  of  lead,  and  t  tho  time  of  an 
oscillation — neglecting  tho  effect  of  torsion — Then,  according  to  tho  theory  of 
the  pendulum  (81), 

Take  I  for  the  length  of  a  simple  pendulum  oscillating  in  the  same  time  (<)  by 
gravity,  and  we  have 

t  —  Tc     {_;    OT  L  :  G  -  I  :g,  and  I :  L  z=  g :  0. 

Calling  the  attraction  of  tho  unit  of  mass  upon  tho  unit  of  mass  at  the  unit  of 
distance  a  ;  the  mass  of  each  sphere  of  lead  m;  d  the  distance  from  the  centre 
of  this  sphere  to  that  of  the  attracted  sphere  when  in  the  position  of  eqoilibriam ; 
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KljTi  M  tlia  mat*  «jid  H  the  mean  nulius  of  ih«  corLb,  hdJ  we  hftve, 

io^  l,M  tbt'  law  I  of  ntfriLrUifn, 

By  jiaWUtaLiiig  tbcM  raloM  of  (7  ftbd  jr  Lti  tho  lost  ttro|iOirtiottj,  it  Wgmeit 
f  :  £  =  rf*Jf  :  or 

]whkk        lUe  ratio  b«tire<n  iho  mass  ottht  citrtb  (if)  ft»d  ilmt  of  o»o  of  Ibo 
IHMW  »f  laawl        13  giTiiti  |)jr  tliv  lmlanc«.    TItts  <rokiDaa  nf  th«  tmtth  b&in 
n^nMAfett  liy       and  ita  »ne»a  dcumij  hy  IK  wc  buva  bj  (95)  M  =  Vx 
fmv  irkltib,  Jf  and  V  being  kityiiii^  J)  ia  tlcduevd. 


1 


Tbe  lafereaca,  anavotdiible,  rram  Ihese  facta  is,  that  the  tateru  r 
fiart*  of  the  eurlh  tntisl  b«  much  mori^  dcnsie  than  th^  superficial  oru^t. 
Iirui'ttc  anrl  other  roeks  tiu  the  earth's  surfiice  hnve  an  ftvcrage  tlcnsirj 
v(  ftbuut  2  5,  TtiiB  r«Lu4rkabli3  fact  may  he  expliuned^  partly  Lj 
nunexnWnn^l^  tlmt  llie  Imerior  parts  of  the  earth  Bantam  the  enormous 
poecjiiirw  «f  the  surface  portionifi!,  and  pnrtJj  by  tho  hypothe«it  of  primi- 
lir«  flu  ill  it  J,  vbich  tiuthorizea  the  belief  that  the  more  dense  portions 
«f  th»  planet  would  seek  the  lowest  place,  and  the  lighter  parts  t 


f  5,  Motion  of  ProjectUea^ 
iO>3.  PtojectUea  firr  bodit^  thi'own  into  the  atr  by  some  mormnta 
I'hoj  are  tbcrcfure  sulycet  to  two  forcefl,  one  the  projeeti 
which  is  inunjcntarj'*  the  other  (be  cotii^tatit  f<>rce  of  griivHy. 
'hen  a  body  w  prtyocted  verli^jally  upward,  it  Hscs  with  a  uniformly 
niiarde<i  motion^  the  action  of  gravity  diminishing  the  velocity  of  asceut, 
•A  VTOrj  innta&L,  until  the  projectile  force  i$  ejEpended,  v^hen  the  body 
«imtiieito«a  to  descend,  and  paf^sinj^  every  point  in  it^  downward  path 
at  tb«'  Mhoie  rate  as  in  its  upward  flight,  it  acquirer  at  the  end  of  its 
fall  a  rehicity  equal  to  that  with  which  it  was  projectetl. 
In  tli€j  «inie  munrHir  when  a  body  is  projected  vertically  downwards 
la  the  wimo  tsA  that  of  a  body  falling  freely*  but  the  apai 
and  aleo  tho  velocity,  are  resultatite  of  the  sum  of  the  t 
TheM  are  giiupte  cases  under  the  lawsof  uniformly  accelerated 
or  retu^ed  motion  already  cgu«idered  (32). 

If  th«  direcliou  of  tlte  projectile  is  not  perpendicular,  theo  the  path 
«r  the  projMtile  iuu»t  be  a  curve  (51). 

Tlinv  if  n  '  anqufi-bfilt  b  nbot  ia  Iho  dtr(><?tioii  ah  (fif.        with  a  Yclodl^ 
"      tl  (bfdiigh  ttiit  ii|iitt?c  a  I  ill  unc  Bcrcmfl^  Uieu,  liy  tbo  Uwa  of 
Ifecfi  a  cuniiitUM  in  llita  hue,  piLiii«iii|i^  tlirotiish  ci|Ua1  ipkces  in  ctv^uaX 

timr*.  U  li  iviu  a«pt«d  upoQ  by  ^nxWy  v.\nx\Vt  it  v^ittltl  m**xio  in  i\ic  Ti^rti 
•  c  tirtnugta  iba  tpiiMit  V  IV  III',  iu  curn>B^ioii4i!!g  ^vcontls.    But,  whllo  it 
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projected  in  the  direction  a  6,  it  is  subject  also  to  the  action  of  gravity,  and, 
like  any  other  body,  must  fall  through  the 
vortical  space  of  feet  during  the  1st 

second ;  at  the  end  of  that  time,  therefore,  it 
will  be  found  at  e,  instead  of  at  I.  In  the 
same  manner,  at  the  end  of  the  2d  and  3d 
seconds,  it  will  bo  at  /  and  g,  instead  of  II 
und  III;  and  at  tho  end  of  four  seconds  the 
body  will  arrive  at  h,  the  result  by  the  paral- 
lelogram of  forces  being  exactly  the  same  as 
if  it  had  been  first  carried  by  the  projectile 

fr*rco  in  the  line  a  h  during  four  seconds,  and .  ^ 

'Jion  allowed  to  fall  during  four  seconds  by  ^ 
the  action  of  gravity  over  bk  —  ac.  Since 
the  action  of  the  projectile  force  is  only  mo- 
mentary, while  tho  effect  of  gravity  is  con- 
stantly increasing,  the  body  will  not  describe 
the  diagonals  of  the  parallelograms,  n  <>,  n /, 
Ac.,  but  a  curve,  which  in  mathematics  is 
•ailed  a  parabola,  indicated  by  the  dotted 
■  teo  connecting  ae/g  and  A. 

By  a  similar  construction,  we  find  the  path 
of  a  body  projected  horizontally,  or  obliquely  downwards,  in  which  cases  the 
projectile  will  describe  one-half  of  a  parabola.  In  every  case  the  path  of  the 
projectile  is  a  complete  or  partial  parabola,  whoso  axis  is  in  the  direction  of 
gravity ;  and  its  vertical  distance  below  the  line  of  projection  at  any  given 
moment,  is  always  equal  to  the  space  it  would  have  fallen  freely  during  tho  time 
since  it  was  projected. 

Bj'  the  principle  of  parallelogram  of  velocities,  it  is  evident  that  in  the  time 
the  body  woul<l  describe  the  curve  a  e/g  h,  if  would,  without  the  action  of 
gravity,  describe  the  line  «  6  =  rt,  v  being  the  velocity  of  projection,  and  t  the 
time  of  flight.  Let  a  be  tho  angle  of  elevation  bah,v'  the  vertical  velocity, 
and  v"  the  horizontal  velocity,  then  r'  i=  r  sin.  a,  and  p"  ■--  r  cos.  a.  The  ver- 
tical velocity  would  evidently  be  spent  in  one-half  the  time  of  flight,  and  an 
equal  descending  velocity  would  bo  acquired  at  the  time  of  striking  the  point  A, 

2(<  sin.  a 

hence,  v'  =  v  sin.  a  =  igt,  and  t  —   —  tho  time  of  flight. 


The  hori- 


Eontal  range  will  equal  the  horizontal  velocity  v"  multiplied  by  tho  time  of 
2r  8in.  a      2r'  sin.  n  cos.  <i  sin.  2a 


flight  i=  V  COS.  o  X 

9  9 
This  value  of  tlio  horizontal  range 

a  A  is  evidently  the  greatest  for  any 

value  of  r,  vrhen  sin.  2a  =  1,  or  a  = 

45°;  and,  for  elevations  equally  above 

and  below  4.'3°,  the  horizontal  range 

will  be  equally  diminiKhod ;  that  is, 

the  horizontal  range  will  be  the  same 

for  an  elevation  of  40°  as  for  50**,  and 

the  same  for  an  elevation  of  30°  as  for 

00^.   Fig.  52  shows  the  form  of  the  curves  described  by  projectiles  at 
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ipiW  elmUoiis  of  0^  15^  45^  60^  *u4  90*  {A  B,  A  C,  A  D,  A  E, 
kf}*  dDtt«d  linea  febuw  the  magka  of  pmjcction,  and  tUc  ^moolli 
lifto,  with  corrcApotidlQg  letters,  show  tlie  pntlts  described  hj  tha 
projfclilot.  The  effect  up^m  the  fiiglit  of  projectiles  produced  by 
ragbfcsnoe  of  the  air,  will  be  considered  horcaft«»r. 

ICNi,  Tbe  ballistic  pendulum  is  an  iDstraiiietit  employed  to  men- 
•arc  t^e  relocitj  iff  projectiles.  A 
kavy  iiioM  of  wood  mod  iron,  shown 
ti  6«  fig.  53,  is  ftuspendcd  at  C,  od  a 
Htm^  three  or  fuor  jarda  in  length 
titer  A  gradnaLed  arc  BED.  The 
ball,  fired  in  the  direction  N 
•trikc*  tiie  liallistto  petiiiulum  ttt  At 
azrd,  peni^trtitipg  the  beAry  mn&»t 
imports  to  it  a  velocity  whicb  h 
Antttmmtd  hj  compurmin  of  the 
MC  £  D  dfBcrlbcd  by  the  peodu- 
luffl,  and  tlia  time  in  wUicU  the 
whole  rnoM  i«  fouud  to  vibrate.  S 
b  aupposcd  to  Ire  the  centre  of 
graritjT,  M  the  centre  of  oscUlalion, 
C  G  the  arm  of  impact^  and  M  II  the 

height  through  which  the  ]>t'iiJuLuin  rise^.    Fri'ni  thcso 
of  die  buU  iLt  the  niotncnt  of  impact  cuu  be  ealculu^tcd. 


ProblemB. — Falling  Bodies. 

If  a  M<iu«  i»  droppK'd  into  »  «rvl!,  m*1  it  U  d«on  to  atrikv  the  water  ftt  tbo 
'Jid*,  whti  in  the  ^Jc'iilfa  of  the  w«llli 

J  IN  imrjeetvel  a  (mar  J  witli  a  Telocity  whicb  will  carry  it  iu  iho 
tl  fciel  1  itifihcf  ;  ufivr  how  Iwg  a  ltiu«  will  it  ho  dejicrcndiDg  with 
the  origifiikl  roI'MTil.v  ? 

I.  Fiti<l  Uic  Tttlueity  wiUi  whiph  a  bod^  ini3«t  be  projected  npwardi  from  tho 
«t  A  lower.,  to  Bff  tn  mmi  half  waj  another  Wdj  let  fall  at  the  name  tiine 
inp  (»f  the  iijwer. 

lliKtu  U  ft#<!*n4ing  ycrticolly  with  «  given  vuWhy,  and  a  Iwrlr  ii  let 
«1jS«^h  rwnrhi**  the  gnmutt  ia  t  atiounilii :  And  Iho  beigbt  tff  thtt  baJloou 

to  fkll  the  iMt  a        uf  itB  descent  from  r»l  la  r 

^11  U'lm  mhhh  U  ftdl. 

lltni  ihtuu^l]  the  di«taac«  of  half  a  mile;  what  wai  tho 
ii>'  t  Ml  ttie  t(i«t  st>rond  ? 

|irr>jcriev]  uimsnb  with  a  raloetty  of  fil)  fe«t  in  a  i«eo]id;  b«»Ar 
hcfuro  it  Iftf^uij  td  r«tvin)? 
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24.  A  stone  dropped  from  a  bridge  strikes  the  water  in  2}  seconds ;  what  is 
the  height  of  the  bridge?  Also  if  the  stono  be  projected  downwards  with  a 
Telocity  of  3  feet  per  second,  in  what  time  will  it  strike  the  water  ? 

25.  A  stone  thrown  horizontally  from  tho  summit  of  a  high  cliff  is  seen  to 
strike  tho  ground  at  the  end  of  5  seconds ;  what  is  the  height  of  the  cliff  abore 
the  point  where  tho  stone  falls  ? 

26.  A  body  is  projected  vertically  upwards,  and  the  time  between  its  tearing  a 
giren  point  and  returning  to  it  again  is  given ;  find  the  velocity  of  projectioD 
and  tho  whole  time  of  motion. 

27.  From  what  elevation  must  a  body  weighing  500  pounds  fall,  to  strih 
with  the  same  momentum  as  a  body  weighing  UOO  pounds  falling  from  an  elovi 
tion  of  64i  feet  ? 

Descent  of  Bodies  on  Inclined  Planes.* 

28.  What  time  will  be  required  for  a  body  to  descend  an  inclined  plane  whos4 
length  is  200  feet,  and  whose  elevation  is  04^  feet. 

29.  What  velocity  will  be  acquired  by  a  body  descending  a  plane  inclined  at 
an  angle  of  30°,  the  perpendicular  height  being  145^  feet? 

30.  If  a  railway  train,  with  a  speed  of  30  miles  per  hour,  arrives  at  a 
descending  grade  of  60  feet  to  tho  mile,  and  has  no  force  applied  to  check  its 
speed,  what  will  be  its  velocity  after  running  3  miles  on  the  grade  ? 

31.  If  a  train,  moving  at  the  rate  of  25  miles  an  hour,  arrives  at  a  grade  of 
60  feet  per  mile,  2  miles  in  length,  and  no  more  steam  is  applied  than  before 
arriving  at  tbe  grade,  what  will  bo  the  velocity  of  the  train  after  ascending  the 
grade  ? 

Central  Forces. 

32.  Find  tba  force  wifh  which  a  body  weighing  8  lbs.  would  stretch  a  string, 
3  feet  long,  retaining  it  in  a  circle,  when  the  body  makes  3  revolutions  per 
second. 

33.  What  must  bo  tho  weight  of  a  body  revolving  7  times  per  second  in  a 
circle  10  feet  in  diameter,  in  order  that  the  centrifugal  force  of  the  revolving 
body  may  be  equivalent  to  a  weight  of  1000  lbs.  ? 

34.  How  many  times  must  the  revolution  of  the  earth  be  increased  to  have 
the  wei^bt  of  bodies  at  the  equator  diminished  one-half,  calling  the  radius  of 
tho  enrtb  4000  miles  ? 

35.  What  must  be  tbe  number  of  revolutions  per  second  of  a  body  weighing 
17  lbs.,  revolving  in  a  circle  whoso  radius  is  5  feet,  that  its  centrifugal  force  may 
be  the  same  as  that  of  a  body  weighing  25  lbs.,  revolving  9  times  per  second  in 
a  circle  whoso  radius  is  3  feet  ? 

Pendnlom  and  Gravity. 

3C.  What  is  tbe  time  of  vibration  at  Paris  of  a  simple  pendulum  whose  length 

i.H  3  metres  ? 

37.  What  IK  the  force  of  gravity  in  a  deep  mine  where  the  length  of  the 
8cc<m(l.'«  pendulum  is  found  to  bo  3S  inches  ? 

38.  What  is  the  time  of  vibration  of  a  simple  pendulum  30  inches  in  length, 
where  the  accelerating  force  of  gravity  is  32  feet  per  second? 

30.  What  is  the  time  of  vibration  of  a  simple  pendulum  at  Paris,  the  length 
of  the  ]ien(lulum  Iniiug  one  metre,  and  the  amplitude  of  vibration  being  a  =  9°f 


*  In  these  problems  tho  retarding  force  of  friction  is  not  to  be  considered. 
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M.  Wbat  is  tb«  «e«elenitijig  force  of  grmwitj  at  New  York  f  at  Boston  ?  at 
New  Orleaaa  ?  at  Cape  Horn  ?  at  Stockholm  ? 

41.  If  the  force  of  grarity  at  the  earth's  sarfaoe  be  regarded  as  unity,  what 
will  be  the  force  of  gravity  at  a  distance  beh)w  the  surface  equal  to  one-tenth 
pert  of  the  earth's  radios? 

FUght  of  Projectiles.* 

42.  What  distance  will  a  ball  be  thrown  on  a  horizontal  plane,  if  it  is  fired 
froni  a  cannon  with  a  Telocity  700  feet  per  second  at  an  angular  elevation  of  ? 

4^  What  is  the  greatest  dbtance  to  which  a  ball  can  be  thrown  on  a  bori- 
tontal  plane,  if  it  leavM  the  mouth  of  the  cannon  with  a  velocity  of  1000  feet 
per  second  J 

44.  If  a  ball  leaves  the  cannon  at  an  elevation  of  30<>,  with  a  velocity  of  800 
feet  per  second,  in  what  time  will  it  strike  the  horizontal  plane  ? 

46.  At  what  angle  of  elevation  must  a  ball  be  fired  that,  with  an  initial  velo- 
dty  of  600  feet  per  second,  it  may  strike  a  horizontal  plane  at  a  distance  of  two 
■iks? 

46.  If  a  ball  discharged  from  Uie  mouth  of  a  cannon,  at  an  elevation  of  35°, 
strikes  the  horixontal  plane  at  a  distance  of  three  miles,  what  was  its  original 
Telocity  ? 


CHAPTER  IV. 

TUEORY  OP  MACHINERY. 
I  1.  Machines. 

105.  Principle  of  virtnal  velocities. — It  was  shown  in  I  4G,  tliat 
when  a  body,  having  a  fixed  54 
point  of  support,  is  acted  on  by  •  • 

two  parallel  forces  in  the  name    /" '■  • 

direction,  the  forces  will  be  in  ^\  c~  ~  ^ 

equilibrium,  if  they  are  to  each  y 

other  inversely  as  their  distances  "     -  h 

from  the  supporting  point.  Thus  in  fig.  54,  if  an  inflexible  rod,  hu\>- 
ported  at  C,  is  acted  on  by  two  forces,  W  and  P,  such  that 

W:P  =  CP:CW, 
llicn^  they  will  be  in  equilibrium.    But  as  in  every  proportion  the  pro- 
duct of  the  first  and  last  terms  is  equal  to  the  product  of  the  second 
and  third ;  so  instead  of  saying  that  the  forces  are  inversely  Jis  their 
distances,  the  same  thing  is  expressed  by  W  ^  C  W  -^P  X  C  P.  The 


*  In  these  problems  no  account  is  supposed  to  be  taken  of  tho  rcaiatance  of 
the  air. 


76 


pnrsics  or  souds  and  fluids. 


principle  may  be  otherwise  illustrated  thus : — Let  the  bar  W  P  be  made 
to  oscillate  gently  about  the  point  of  support  C.  It  is  plain  that  the 
spaces  described  by  the  ends  of  the  bar  will  be  proportional  to  their 
distances  from  the  axis ;  for  the  angles  at  the  axis  being  equal,  the 
arcs  af  and  (  A  are  directly  proportional  to  their  radii  C  W  and  C  P. 
Ilcnce 

W:P  =  6A:o/; 
That  is,  two  forces  are  in  equilibrium  when  they  are  to  each  other 
inversely  as  the  spaces  which  they  describe.  The  arcs  being  described 
in  the  same  time,  represent  the  velocities,  and  the  principle  is  usually 
thus  stated :  forces  in  equilibrium  must  be  to  each  other  invertdy  as  their 
velocities.  The  products,  therefore,  of  the  forces  multiplied  by  their 
respective  velocities,  are  equal : 

WXaf=VXbh. 

These  products  are  called  the  moments  of  the  forces,  and  when  these 
momenta  are  equal  the  forces  are  in  equilibrium.  If  the  movement  is 
doubled,  halved,  or  raised  in  any  proportion,  the  efficacy  of  the  force  is 
similarly  varied.  Any  arrangement  by  which  two  forces  are  brought 
into  this  relation  to  each  other,  constitutes  a  machine. 

100.  Machine,  Power,  Weight. — In  extension  of  the  statement 
last  made,  a  machine  is  any  arrangement  of  parts  in  an  apparatus,  by 
which  force  may  be  transmitted  from  one  point  to  another,  usually  with 
some  modification  of  its  intensity  or  direction,  and  with  reference  to  the 
performance  of  mechanical  u^rk. 

The  moving  force  in  a  machine  is  called  the  power;  the  place  where 
it  is  applied  is  the  point  of  application ;  and  the  line  in  which  this  point 
tends  to  move  is  the  direction  of  the  poicer.  The  resistance  to  be  over- 
come is  culled  tfte  weight,  and  the  part  of  the  machine  immediately 
applied  to  the  resistance  is  the  work iug point. 

The  ni()vin«;  powers  and  the  resistances  in  mechanics  are  both 
extremely  various ;  but  of  whatever  kind  they  may  be,  they  can 
always  be  expressed  by  equivalent  weights,  i.  e.,  such  as  being  applied 
to  the  machine  would  produce  the  same  effects. 

107.  Equilibrium  of  machines. — When  the  power  and  weight  are 
equal,  the  machine  is  in  equilibrium,  and  it  may  be  at  rest,  or,  as  is 
usually  the  case,  in  a  state  of  uniform  motion.  If  a  machine  in  this 
case  is  put  into  uniform  motion,  it  must,  by  force  of  inertia,  continue 
to  move  indefinitely  ;  for  the  power  and  weight  being  equal,  neither  of 
these  forces  can  stop  or  modify  the  motion,  without  some  extraneous 
force,  which  is  contrary  to  the  supposition. 

Thus,  if  an  engine  draws  a  railway  train  with  uniform  velocity,  the  power 
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•r ah*  mt^»  i«  in  oq(i{)Eb4>liim  «rU!i  tb«  rc'titjvnrc  of  Ute  tmm.  At  )>iantn;sr, 
Itepmcr  U  fprwtitr  ilwa  the  reilitAncci  iiiitL  iltc  uit^iou  of  1110  imiu  in  co£i»<>- 
«|imtly  ii«vl«r»l«U,  ttottl  ihc  rtrxiKUnri?  iH-miritKi  iM]iiiil  to  tHc  pawor,  wbm 
•^aUlWittm  {«  Mgniil  cet»Uji>bc(i.  K  nnj  pari  of  llitr  p4>w4-r  is  (nm  witljdriiwn, 
iIk  iHi>ir«f  1bc««nii»  let*  tJi^n  iht  rtsimun^e,  &dcI  tbo  iboUod  u  »Du»cquwUy 

The  m^'hfuiicnl  eni»f|:^Tt  «'»"  mcmti^  force  of  Ihe  piwef,  h  Comu]  hj 
umia^ly'tng  iu  erjmvaletti  weight  hj  tlie  space  tliroug^h  whicb  it  nii^ves^ 
Of  itM  Tclucity ;  and  tlie  value  of  tlie  resistance  is  estimated  m  the  mme 
BjimoBf.  At  we  Uare  Just  seen,  the  relntioa  between  ibcse  to  omen  la 
drtenninOT  the  stale  of  the  maehitie, 

]08«  Utility  of  macliliies. — It  h  Bometiises  said,  m  illustratioti 
tlic  oiMrfiitne^  of  machines,  thtit  a  great  weight  tnay  be  supported  or 
humkI  hj  tm  iningnificaDt  pH)wer;  but  Buch  statements,  if  literally 
ril*oo4.  nre  obvioosly  untrue.  No  machine,  howerer  ingenion*  its 
fuctioQ^  cm  creale  anj  force,  and  therefore  the  w^orking  jKtint  can 
tiert  no  mor*  force  than  is  transmitted  to  it  from  the  source  of  power. 
Eierj  Diachme  has  certain  fixed  points,  which  are  arranged  to  support 
Any  rrrjoirtnl  part  of  tl»e  weight,  while  tLe  remainder  of  the  weight, 
tad  Ihiit  |mrt  only,  h  dirmly  sustained  by  the  power.  This  remainder 
lif)4  ht  grater  tbiin  the  |»ower. 

09.  Itelatioii  of  power  to  weight. — But  if  ibe  weight  is  not  only 
iii|}pun«d,  but  raided  tUruttgh  a  gtveu  splice,  then  the  power  mtit^t  imire 
^  ft  ipnt-'tf  ft*  much  greater  tbaa  the  weight  moves  through,  aa  the 
iuel?  m  greater  than  the  power;  in  otlier  worde,  the  power  and 
w^^bt  pausl  K'  itivereely  m  their  Tehjcities.  This  inTcrse  proportion 
it  exprotted  when  it  u  «&id,  that  power  U  always  gained  at  the  expense 
of  Liaio. 

To  t%im  tO'Ort  1\m,  to  n  belgbt  of  ooe  fo«l  bj  a  iringte  effort*  would  rvquire  m 
Unm  «ii|nfrrftfefll  id'  looe  tbn. :  but  (ha  nuse  IhiDj^  idaj  bo  pecomplUbcd  bjr  a 

If  «  mmm  %f  *  itnogth  eonld  lift  300  Iba.  to  m  ecrt4UD  fae'tji^bt, 

i«  mm  Minutr,  ei      .   .  uivi^t  can  eaable  him  to  Lift  2iiM       to  th«  sjuuo 

laigk*  i»  Mi»e  tiiuo.  U«  mir  dit^ulQ  thti  wiMght  inio  t«n  part*,  and  lift  evb 
pWt  Mf«Mml«4j;  nr  hf  ttie  iutcrvenllun  n.  uisebiae  be  maj  raiw  tb«  whole 
mm»  logiethtrT  nM|iiiriiig,  bufierer,  ten  lofoutei  for  the  toJik. 

00  ih*  ttUter  band,  it  i:9  often  the  object  of machine  to  moire  a.  small 
fmsim<0  hj  II  gt««a  power. 

1  thii  muriitf  fnrra  uf  lb«  mkinrjjriDg  t«  vcty  mach  gronlor  tbaii 
ibi  band*,  rrTolvtnjf  wlKirtt  thp  JtaL    Iti  •  locotneiLivu  cirgilip^ 


ix-  •  »  ibe  Irsiin  tbrongh  a  iFp»r«  equal  t»  ttrn 

flf^rmf,  iT  Uio  kn;?th  of  itri>k«  11  one  foot,  huJ  th« 

fir-  1 J  .              lH«  vrliicUjr  of  the  |»tfitun  will  bo  to  lha 

ft  i<»  12;  rui)Nuiji}f!HU]f  tltts  power  ^Hing  od  tha  {»uLoa  tl 

p  ^/f  tb43  train,  in  ihe  prop«rti(^u  of  12  to  3, 
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110.  Adaptation  of  the  power  to  the  weight  In  machinery. — 

The  use  of  machines  is  to  adapt  the  power  to  the  weight.  If  the  inten- 
sity, direction,  and  Telocity  of  the  power,  were  the  same  as  the  intensity 
and  direction  of  the  resistance,  and  the  velocity  required  to  be  given  to 
it,  then  the  power  might  be  directly  applied  to  the  resistance,  without 
the  intervention  of  a  machine.  But  if  a  small  power  is  required  to 
move  a  great  resistance;  or,  if  a  power  acting  in  one  direction,  is 
required  to  impart  motion  in  another ;  or,  to  impart  a  velocity  greater 
or  less  than  its  own,  then  it  is  necessary  to  employ  a  machine  which 
will  modify  the  effect  of  the  power  in  the  required  manner.  Besides 
these,  the  motion  of  the  power  may  differ  from  the  motion  required  in 
the  resistance  in  a  great  variety  of  ways. 

The  power  may  have  a  reciprocating  motion,  as  in  the  locomotire  engine,  and 
be  required  to  produce  a  continuous  motion  in  a  straight  line,  as  in  moving  a 
train  upon  a  railway.  Or,  the  power  may  have  a  rectilinear  motion,  as  a  stream, 
and  bo  employed  to  produce  the  circular  motion  of  the  stones  in  a  grist-mill,  or 
the  reciprocating  motion  of  a  saw,  in  a  saw-mill. 

In  every  class  of  machines,  the  relations  existing  between  the  power 
and  the  resistance,  depend  solely  on  the  construction  of  the  machine ; 
but  even  a  general  account  of  the  ingenious  contrivances  by  which  the 
moving  furce  is  regulated,  modified,  and  adapted  to  the  vary iii^ condi- 
tions and  requirements  of  the  resistance,  would  lead  us  far  beyond  the 
limits  and  design  of  this  work. 

111.  Vis  viva,  or  living  force,  is  the  power  of  a  moving  body  to 
overcome  resistance,  or  the  measure  of  work  which  can  bo  performed 
before  the  body  is  brought  to  a  state  of  rest.  The  vis  viva  of  a 
body  is  represented  by  ifP,  or  the  mass  of  the  body  multiplied  by  the 
square  of  its  velocity. 

When  a  body  is  projected  vertically  upwards,  the  height  to  which  it 
will  ascend  is  proportional  to  the  square  of  its  velocity.  If  represent 
the  weight  of  the  body,  and  h  the  height  to  which  it  is  elevated  by  a 
given  impulse,  the  amount  of  work  performed  will  be  represented  by 

Wh,  but  W  —  Mg  and  h  =       substituting  these  values  of  IT  and  A, 

we  huvo  the  work  performed  =  }  MV*.  Ilcnce  the  work  which  can  be 
performed  by  the  accumulated  power  of  a  moving  body  is  equal  to  one- 
half  t\\Q  mass  multiplied  by  the^yelocity. 

Take  the  case  of  a  pile-driver,  in  which  a  heavy  mass  of  iron  is 
elevated  to  a  height  of  30  or  40  feet,  and  is  then  suddenly  allowed  to 
fall;  the  resistance  overcome  in  raising  the  driver  is  exactly  proportional 
to  the  elevation  to  which  it  is  raised,  and  the  accumulated  power  of  the 
stroke  increases  in  the  same  ratio;  hence  it  is  evident  that  the  vis 
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f\r^  «r  pover  of  oT«rootning  resislonce,  ooust  be  trnlj  r^pr^setiled  hy 

jfn 

AgniD,  in  the  case  of  a  niilwaj  Irain  moviiig  witb  a  vqIocHj  F,  tLi«  greal- 
filwitjr  attainabl<»  by  a  giren  power  uf  »tcrmi ;  let  r  be  I  lie  ac<!elci-n- 
ot  T«tocitj  imparted  to  the  train  bj  tlie  locotniitive  during  liie  Grst 
d  af  Its  &<!tluD,  and  .If  the  mass  of  the  luuviiig  train,  iDcluditig  the 
loeooaotiTe,  If  the  tnofeinciit  of  the  train  were  nut  retarded  by  friution, 
or  tome  other  opposing  force,  we  should  have  F  pi,  or  the  vclwitj,  F, 
wooy  go  on  coa&tanUj  increasing;  but  such  wo  know  Is  nut  the  case, 
fwr  the  tnuo  awn  altaina  a  maaimmii  velocitj,  when  the  en  lire  force 
uf  die  loeiimotlTe  is  everj  instant  expended  in  oTercoming  frlctiuti,  and 
the  tnjti  moTcs  on  with  a  tnoEuentutn  expressed  bj  MV^  but  itis  \h  viva 
is  «spr<«9ecl  bj  Jf  F*.  If  the  force  of  steata  were  suddooly  di»con- 
tuuiiHl.  the  power  of  the  moving  train  to  ascend  a  grade,  to  overcome 
olMtaele,  or  to  deal  destruction  to  itself,  or  to  anj  object  with 
th  It  t?gme«  In  collision^  would  gtiil  be  pro|iorttunal  io  pi^  tita  or 
MV*.  Now  «upj>08e  the  velocity  of  the  train  to  be  doubled,  m  that 
F'  ==  2  r.  It  19  evident  that  in  any  given  interval  of  time  the  train 
Will  p«M  UTc>r  twke  as  many  points  of  resistance  as  before,  and  as  it 
poMffl  each  fvoint  at  twice  the  prevlons  velocity,  it  will  encounter  at 
CTftry  point  twice  as  much  reaistance  to  motion  as  before,  llenco  to 
hnpart  to  the  train  a  d^mble  velocity,  a  fomrfuld  furce  ia  re(|uir(^d  ;  and 
Ihe  power  of  the  train  to  overcotne  resistance  will  be  prOfvurtional  to 
lis  rhi^  MV^.  Thifl  will  be  the  true  measure  of  the  force  which 
Jmp  imported  the  velocity  F'',  and  which  la  now  constantly  e^tpondod 
Blovercommg  the  remtance  cDcountered  by  the  moving  train.  The 
tOBe  principles  determine  the  power  expende>d,  or  work  actually  per^ 
Ibrnicd  (rowistauco  included),  by  any  kind  of  machinery. 

It  Biay  be  neceaeary  to  explain  more  fully  the  distinction  between 
nummtam  and  vis  mo  that  it  may  l^c  readily  understood  when  the 
one  or  ti»o  other  is  to  be  taken  as  the  measure  of  force. 

Momentum^  JIfF,  exprcfses  the  relation  of  force  to  inertia,  or  tlie 
amottnt  of  motion  in  a  moying  body.  Vis  viva^  MV^,  is  Llie  ineaBure 
of  Iwict*  the  amount  of  work  which  a  moving  body  can  perform  before 
ii  U  brought  to  rest.  Ma  viva  h  tho  mmBiire  of  force  required  to 
tain  tt  coiutuifc  aoiion,  3fF,  against  the  resistance  caused  by  the 
prt^perti6sjof  bodies,  as  atlraetlon,  cohesion,  rcpulaioa.  Momen- 
tum Ia  tlie  meacarc  of  the  force  required,  without  regard  to  time,  lo  sei 
a  hcfdj  in  tnotion  with  a  velocity  F,  when  no  other  body  interfcrca  with 
tli  raotiun,  •«  in  the  ca«4  of  a  body  falling  freely  in  a  vacuum.  In  the 
aw  of  th*  railwuy  train,  the  mass  of  the  train  multiplied  by  its  velo* 
*^   is  the  misai»iirc  of  useful  work  performed  in  a  unit  of  time,  but  it 


80 


PHYSICS  OF  SOLIDS  AND  FLUIDS. 


is  not  the  measure  of  resistance  overcome,  or  actual  work  performed, 
or  of  the  force  which  has  been  expended  in  performing  that  work.  The 
latter  is  measured  by  one-half  the  vis  viva,  or  i  MV\ 

Illnatrations  of  via  viva. — Suppose  a  battering-ram  weighing  4000  lbs. 
to  bo  impelled  with  a  velocity  of  30  feet  per  second,  its  vis  viva,  M  =  4000  x 
80  X  30  =  3,600,000 ;  yet  a  cannon  ball  weighing  64  lbs.,  flying  with  a  velocity 
of  1000  feet  per  second,  will  have  a  power  of  dealing  destmction  more  than 
seventeen  times  as  great,  for  its  vis  viva  equals  64,000,000.  Calculations  of  this 
sort  explain  the  origin  of  the  terribly  destructive  power  of  the  engines  of 
modem  warfare. 

A  railway  train  moving  60  miles  an  hour  will  possess  more  than  six  times 
the  vis  viva  that  it  would  have  when  going  twenty  miles  an  hour ;  and,  there- 
fore, it  will  possess  more  than  six  times  the  power  of  dealing  destruction,  either 
to  itself  or  to  an  obstacle,  at  the  former  than  at  the  latter  rate.  Thus  the  well 
known  relation  between  speed  and  amount  of  damage,  in  case  of  accident,  is 
readily  accounted  for,  as  also  the  enormous  comparative  cost  of  fuel,  and  wear 
and  tear  of  trains  of  high  speed. 

The  destructive  power  of  hurricanes,  which  move  from  60  to  100  miles  an 
hoar,  is  readily  understood  when  we  know  that  the  power  of  dealing  destruction 
increases  in  proportion  to  the  square  of  the  velocity. 

112.  Impact  and  its  resalts. — When  a  body  in  motion  encounters 
another,  the  velocity  and  momentum  of  both  undergo  certain  changes, 
which  depend  on  the  elasticity  of  the  bodies,  and  other  physical  circum- 
stances. 

Impact  conaidered  with  reference  to  momentum. — a — ^When 
a  body  in  motion  strikes  another  at  rest,  it  can  continue  to  move 
only  by  pushing  this  body  before  it,  and  it  must  impart  so  much 
momentum  that,  af^er  impact,  both  may  move  with  a  common  velo- 
city. If  the  masses  of  the  two  bodies  are  equal,  it  is  evident  that, 
after  impact,  the  momentum  will  be  equally  divided  between  them,  and 
their  velocity  will  be  one-half  of  the  velocity  of  the  moving  body 
before  collision.  If  the  mass  at  rest  is  double  the  mass  in  motion,  the 
common  velocity  will  be  one-third ;  and  generally,  when  a  moving  body 
communicates  motion  to  a  body  at  rest,  the  velocity  of  the  two  united 
will  be  to  that  of  the  moving  body  as  the  mass  of  the  latter  is  to  the 
sum  of  the  masses  of  both. 

If  a  musket  ball,  whose  weight  is  lb.,  and  its  velocity  1300  feet  a  second, 
strikes  a  suspended  cannon  ball  weighing  48  lbs.,  it  will  put  it  in  motion,  and 
their  common  velocity  will  be  to  that  of  the  bullet  as  is  to  48  +  -^q,  or  as  1 
is  to  961 ;  the  velocity  of  the  two  is  therefore  ^-^^^t  of  about  H  foot  a  second. 

h — Bodies  moving  in  the  same  direction  may  impinge,  if  their  velo- 
cities are  different.  If  an  inelastic  body  overtakes  another,  the  first 
will  accelerate  the  second,  and  the  second  will  retard  the  first,  until 
they  have  acquired  a  common  velocity,  when  they  will  move  on  together. 
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the  bodies  innf  e  in  the  tatuo  dlrectioD,  tjiero  cnn  be  no  increafld 
iftutioii      Uio  tattti  in«j»inetituTii  by  impftct,  but  on)j  a  re-distri* 
IihUiki.    Tf  tliejr  are  e+^unl  in  mass,  their  velocitj"',  jifter  impact,  will  Ia 
sum  itf  their  previous  vekmiitfts, 

im|tiaci»  A  had  s  Tcloritjr  of  0,  aud  i7  »  Telocity  of  i,  tben  ibeir 
twodaoti  T«iU>city  will  b«  5. 

The  two  bodies  may  have  unequal  mai*9e«  m  w^ell  as  velocities, 

If  lJi«  nat*  of  A  it  nnd  its  vHocitj  IT,  its  mocaentqm  he  136.  If  ^ 
hiii  A  HUM  of  6,  Mid  r«Wit)'  of  W,  its  trmmentmn  will  30.  The  sum  llKJ 
b  ib«  Ixatal  ni«ta«ntura  of  the  !i:uiti*ij  TQ4.seefl  titter  impact  j  uid  this  mm 
dIfUcd  ttj  Ihe  9um  of  the  nia39(>F  g'lvvs  li|  tlio  pommon  Tclucity. 

e — If  two  er[ti&l  bwiies,  itioviiig  with  equal  velacUiea  in  opposite 
direeiifna.  impinge  on  esu-li  ritLer,  tlioir  moments  Icing  equal,  will  be 
mulually  de^trujed,  and  the  budiea  will  remain  at  rest.  The  force  of 
the  shock,  in  tbia  ease,  is  equal  to  thut  wlilch  either  would  eu^italn^  iC 
vbile  M  r^ttk  it  vrer^  struck  bj  the  other  with  a.  double  velocity.  If 
tb«  nuHiietitA  of  lUo  bodies  are  uuequnl,  then*  after  impact,  they  will 
move  iogether  in  the  directioo  of  the  greater,  and  their  joint  nioraentuni 
will  b«  equal  to  the  difiereoce  of  their  previouf  ninment?,  and  their 
trIiK'ity  will  be  found  by  diridlng  that  dtff*erence  by  the  sum  of  the 

{f^Xhose  law*  mny  be  shown  erporimeo tally  by  suspending  two  balls 
the  centre  of  a  graduated  arc,  and  producing  impact  according  to 
^ohdkinne  deacrilicd. 

'  two  bo4ii«i  inoripg  in  dilTerent  lines  impiTige  on  eaeh  other,  then, 
mSUx  tiootaet,  Ibej  frill  move  together  in  the  diagonal  of  that  pkirullelo- 
ffmm  whotf  eide«  represent  their  prerious  moments  and  directions. 

W$om  IImm  ptitietples  U  f^Ilowt  ihtkt,  if  tiro  inelAstie  hodiefl,  J/  «nd  N,  mnviug 
la  Ite  isia*  directioti,  with  rdocidtia  V  and  V\  como  in  cnatacl,  tbeir  commi'n 


v«ld<4ty  alter  Unpmet  will  he  ezprc«8«d  by  the  rornpala  P'  = 


if  F-f  JVF 


M  +  j>r 

Ti.  ..Yft  Ijj  oi|-,(>ofite  directions,  the  velocity  of  the  body  hflTing 
•  II  !!«  to  Uo  tAkcu  Bs  p«sitive^,  and  Lha  otfacr  n%'»tivo ;  the 
u  Lil  1m  tu  Uitt  direct  bo  of  the  body  tihkb  previoiuly  kud  Llie 


ooavldered  with  reference  to  vis  viva, — When  a  Wjy 
itrtkes  anot her  body  at  rest,  which  is  free  to  move,  the  two 

bate  a  comtnon  f  clocity^       ~  tt — The  y\s  viva  after  im- 

Jl  "t*  jv 

poot  wiD  be  fsiprewed  by  (Jf  -f  =  Suppose  the 

■nocid  body      to  be  a  certoia  number  ofticaes,  (i«pre6«tit^  by  a,) 


.sr    1413  Sk  "Vt 


— 1=  •w'i^ji  r  Z5r  -i-r^  rw>r  -niyg  t' 

r:asac^ — '3i.~z.^  •  3!niim_iar«»i  3.  Tyrr 

-  ^  .Tfc'  :  -cia-I  xxt-s.  j«  n  c  1*1 
— :    -i    ^.TTs.ss   i:~iS.Ti.    X  Ci  B  rxz.''A 

i>-   A-  -  ;r.3  s:-7  1       .c"  urf  a»;> 

.  :  sr.-nm  =?  -^.3- 

■i  — .   -  r*  a  -33t  7«rr»  4cr%:k  so  »I1 

—  :   ^  :-^a  i  3ii.~:        lis  dsf- 
.  .  ra  -  •?  'C.r'  nat^L  "iir:  »  an:*  irichc^T 

-  33.-      ^tEe^TM*!  iC  :r.i-a  si  ;i<  y>\ii\ 
y^i  '^z  a  Tu  xusiu    r!r«  rikrt     the  body 

^  *•  ::  r  n  -r-ia.  SD.-i  T*j.>.T:T  thit  h»<{m<- 
:  c  .:i  1  .-:uz  :«  Mn  ti  w '■■»;<d  to  the  mass 
>     '•>:i>'>  zi-:T*'Ll:ot  'ii  Mr»:c$  aoacqnaintcd 

i  r-ns*  rsft'erieJ  hr  a  thread, 

-     1  "»a.' JX  .:     -/:t»:<.    A  door  half  open 
.1        T-  J"  a-  :«Lir         W  iL   A  missile, 
•  ft  '.-iLiur        *r:  wlii  tie  font  of  lead,  if  soffi- 
^  aZ:*-  aril*  ihrosfh  a  board  is  a  veil- 
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known  feat  of  showmen.  In  ricochet  firing,  a  cannon  ball,  shot  at  an  eleratioa 
of  from  3**  to  O**,  rebounds  from  the  surface  of  water,  just  as  ererj  boj  has 
made  flat  stones  skip  from  point  to  point  on  its  surface. 


I  2.  Meobanioal  Poweza. 

113.  The  lever. — A  lever  is  any  inflexible  rod,  fig.  55,  resting  on  a 
point,  F,  called  the  fulcrum^  and  around  which  any  two  forces  tend  to 
turn  it.  LcTers  may  be  either  straight,  or  bent ;  simple,  or  compoand. 
It  is  usual  to  divide  levers  into  three  classes,  according  to  the  position 
of  the  fulcrum  in  relation  to  the  power  and  weight. 


55 


66 


1  ^ 


Mr 

T 


58 


Fig.  55  is  a  lever  of  the  Jirst  class,  where  the  fulcrum  is  between  the 
power  and  the  weight.   In  the  second  class,  fig.  56,  the  weight  is  be- 
tween the  fulcrum  and  the  power.    In  57 
the  third  dasSy  fig.  57,  the  power  is 
applied  between  the  fulcrum  and  the 
weight. 

The  arms  of  a  lever  are  the  lines  on 
each  side  of  the  fulcrum,  at  right  angles 
to  the  direction  of  the  power  and  weight. 
In  the  three  figures  just  given,  the  levers  being  horizontal  and  the 
forces  vertical,  the  arms  of  the  lever 
are  evidently,  in  each  case,  the  por- 
tions into  which  it  is  divided.  If, 
however,  the  lever  is  bent  or  is  in- 
clined to  the  direction  of  either,  or 
both,  of  the  forces,  then  the  arms  are 
the  perpendiculars  between  the  ful- 
crum and  directions  of  the  forces. 
Thus  in  fig.  58  the  power  acting  in 
the  direction  B  P,  the  moment  of  the  power 
PXAF,  but  by  FX  BF. 
the  leverage. 


is  not  expressed  by 
The  distance  from  the  fulcrum  is  called 
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greater  than  tha  firet  body  M,  tlioo  N=a3f,    The  vis  vita  of  tbc  com- 

liined  mass  after  impact  will  then  become  4:  -77— ^          —  ;  . 

Uttif^t — 

When  a  momn^  body  sirikf*  a  body  at  rtti^  and  the  iwo  mom  on  tojpei&er, 
the  m  etm  0/  titt  combined  maa^  i4  an  vtaivj  Hmes  km  than  the  ms  pica 
of  tJit^Tsi  bod^  before  impact  m  the  combined  masM  is  greater  than  the 
JirMU 

Thiji  princ?lplq  thaw*  bow  »  m*u  mtj  reeotTe  m<»t  vioteni  itro%M  of  • 
■ledge- hatnmeT;^  U|ioli  an  aovU  laid  upon  hit  cheat,  wiUioiit  Ibe  BligbtMt  lojurjf 
irbeur  ironlj  a  ligbt  b»ard  wnre  interpoaed  between  hU  person  and  th«  dei«cnd- 
tttg-  hamiuDr.  the  $ttuko  would  ho  iovUbtlj  fat*!  to  lire.  Tbo  iDterpoiiticn  of 
any  heavjr  bocjjf  frsjtte  off  tbc*  forec  of  &  blow  ob  the  aaioie  prinoipkc, 

Pfet^ttre  produced  by  impact. — Beaufoj  determined  tb&t  a  bodj 
of  1  lb.  weigbt,  with  a  velocity  of  1  foot  in  a  second,  stritea  with  a  pFca- 
eure  equal  to  0  5003  lb.  To  find  tlie  pre«isure  produced  bj  Uie  impact 
of  ADj  projectile^  bave  the  general  formula^ 
Pressure  =  0-5003  MV^. 
If  tlie  body  descenda  vertically,  the  weigbt  of  the  body  itself  must  of 
oouFR^a  be  added  to  I  bo  direct  eHeeta  of  impact. 

Deatractive  effect*  of  impact. — The  motion  communicated  to  very 
larf^  or  immovable  bodiea,  by  an  impact  of  E^matl  me^^  is  not  lonU 
but  becomes  inaeosiblo  from  itii  enormous  dii'uBion.  Mutioti  can  b« 
destroyed  only  by  motion  ;  friction  and  reijiiatance  disperse,  but  do  uol 
destroy  it.  An  impact  can  act  directly  upon  only  a  few  of  the  mole- 
cules of  the  Ijody  to  which  it  imparts  motion. 

The  power  whieh  prujeuts  a  bullet  acts  on  only  one-balf  its  surfucie. 

The  motion  must,  thoreforej  be  diffused  from  the  parts  struck  to  all 
the  other  parts  of  the  body,  before  it  can  begin  to  movej  and  ifais  dif- 
fusion requires  iime,  which  may  be  tthort  indeed,  but  is  not  infinitely 
HQ.  It  happens,  therefore,  that  a  movable  body,  if  Blmek  by  another 
moving  with  great  velocity,  may  be  penetrated  or  broken  at  the  point 
of  impact,  without  being  iteelf  put  in  motion.  The  part  of  the  ki<iy 
which  receives  the  blow  is  set  in  motion  with  such  velocity  that  its-par' 
tides  are  rent  asunder  before  motion  can  be  communicated  to  the  mass 
of  the  body.  Such  effects  appear  incredible  to  persons  unacqufliated 
with  the  inertia  of  matter  and  itH  consequences. 

A  rl$e  ball  tuny  be  Bred  tbrougb  a  pas  a  of  glasi  FQjtponded  by  a  thrtbd, 
without  Blmttcrmg  lb?  glass,  or  crcn  CKuelng'  k  to  vibratii.  A  door  half  <>pvi] 
maj  be  perroratcd  hj  a  t^nnnoa  bnb  without  b»n|i^  ihnt  by  it.  A  floFt  mi»»iK 
iiko  lallAW,  or  a  Vif^ht  one,  lilie  a  feather,  irill  act  with  the  forcu  of  lend,  if  suffi- 
cient TcToeity  IP  giifeu  to  it.    Firing  a  t*Ilow  caotlle  through  a  board  Is  a  well- 
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known  feat  of  showmen.  In  ricochet  firing,  a  cannon  ball,  shot  at  an  eleration 
of  from  3°  to  6°,  rebounds  from  the  sarface  of  water,  just  as  erery  boy  has 
made  flat  stones  skip  from  point  to  point  on  its  surface. 


I  2.  Meobanioal  Powers. 

113.  The  lever. — A  lerer  is  any  inflexible  rod,  fig.  55,  resting  on  a 
point,  F,  called  the  fulcrum^  and  around  which  any  two  forces  tend  to 
turn  it.  Levers  may  be  either  straight,  or  bent ;  simple,  or  compound. 
It  is  usual  to  divide  levers  into  three  classes,  according  to  the  position 
of  the  fulcrum  in  relation  to  the  power  and  weight. 


65 


66 
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Fig.  55  is  a  lover  of  the  first  class,  where  the  fulcrum  is  between  the 
power  and  the  weight.   In  the  second  class,  fig.  56,  the  weight  is  be- 
tween the  fulcrum  and  the  power.    In  67 
the  third  clasSy  fig.  57,  the  power  is 
applied  between  the  fulcrum  and  the 
weight. 

The  arms  of  a  lever  are  the  lines  on 
each  side  of  the  fulcrum,  at  right  angles 
to  the  direction  of  the  power  and  weight. 
In  the  three  figures  just  given,  the  levers  being  horizontal  and  the 
forces  vertical,  the  arms  of  the  lever  58 
are  evidently,  in  each  case,  the  por-  B 
tions  into  which  it  is  divided.    If,  \ 
however,  the  lever  is  bent  or  is  in- 
dined  to  the  direction  of  either,  or 
both,  of  the  forces,  then  the  arms  are 
the  perpendiculars  between  the  ful- 
crum and  directions  of  the  forces.  ^ 
Thus  in  fig.  58  the  power  acting  in 
the  direction  B  P,  the  moment  of  the  power  is  not  expressed  by 
P  X  A  F,  but  by  P  X  B  F.   The  distance  from  the  fulcrum  is  called 
the  leverage. 


S3 


^Hirsies  OF  &0UI3S  anb  flitids. 


greater  tlinn  the  first  body     tbsn  N  =  aM.    The  vis  tIvr of  tho  com* 


Heoce: — 

When  a  momng  body  strika  u  hodif  at  rtst^  and  the  ttco  mow  on  toffdAer^ 
the  tis  Vim  of  iht  combined  ma^s  is  as  msnij  times  less  than  the  vis  vira 
of  iJieJiTSt  bodi/  before  impact  as  the  comLintd  mass  is  greater  than  iJic 
first, 

ThU  pnncifili^  afaowi  bow  ftmu  maj  Tetccivtj  the  moBt  TtoI«Dt  Etrokee  of  ft 
iUdge-hxiitimer,  upon  »n  nuvil  Udnpon  bis  choflt,  witbout  ihe  sligbleft  tnjurj, 
vbon^  if  only  a  light  bourd  were  inlerpoied  bctweon  his  jjcrsoti  nad  tbu  desfiend^ 
log  hammor,  the  «trok«  wt^uld  bo  in^lA&Lljr  Talal  io  Ufe.  The  iDterposilioti  of 
•Jiy  hoAvj  bodjr  wnr^s  off  ihc  forcv!  of  u  blow  a»  Ibe  s&ma  priaciplca. 

Fresaure  produced  hy  impact. — Beaufoj  determined  that  a  bodj 
of  1  lb.  weight,  with  a  velocity  of  1  foot  in  a  second,  fltrikea  with  a  prea- 
eure  equal  to  0'5003  lb.  To  find  the  pressure  produced  by  tlie  impbet 
of  any  projectile,  we  have  the  general  formula, 


If  the  body  descend^  verticallj,  tho  weight  of  the  body  itself  muflt  of 
ooursi^  be  added  to  the  direct  effects  of  impact. 

Deatxucilve  effects  of  impacts—The  modon  commyuicated  to  very 
large  or  immovable  bodies,  by  an  impact  of  amal!  onea,  is  not  1q«^ 
but  becomes  insensible  from  its  enormous  diffusion.  Motion  cati  be 
destrojed  only  by  motion;  friction  and  TeBtstnuce  disperse,  but  do  not 
destroy  it.  An  impact  ean  act  directly  upon  only  a  few  of  the  molfr- 
culeft  of  the  body  to  which  it  ituparts  motion. 

The  power  which  projects  a  bullet  acttj  on  only  one-half  its  surface. 
The  motion  must,  therefore,  be  diffuaed  from  the  parts  struck  to  nil 
the  other  parts  of  the  body,  before  tt  can  begin  to  move ;  and  thi*  dif- 
fusion requires  tiim^  which  may  be  short  indeed,  but  is  not  infinitely 
80.  It  happens,  tbererore,  that  a  movable  body,  if  struck  by  another 
moviDg  with  great  velocity,  may  bo  penetrated  or  broken  at  the  point 
of  impact,  without  being  itself  put  in  motion.  The  part  of  the  body 
which  receives  the  blow  is  set  in  motion  with  such  velocity  that  its-par- 
ticles are  rent  a^iunder  before  motion  can  be  communicated  to  the  mass 
of  the  body.  Such  effects  appear  ineredtble  to  persons  unacquaiuted 
with  the  inertia  of  matter  and  its  consequences, 

A  n&tt  ball  maj  he  fired  tbrougb  a  pane  of  glMi  iaap?nil«d  by  n.  thread, 
without  sba.tt«riug  tb«  gla^s,  Pt  vwn  cnunibg  it  to  vibr»ie.  A  doOr  half  np«a 
roay  bo  perforated  hj  a  cannon  bnll  without  beinj^  shut  bj  it.  A  lufl  miietle, 
Itko  tollAW,  OT  n  ligbt  one,  like  a  fcathsFj  will  act  witb  the  force  of  lead,  if  aiiDi- 
cieat  Tclucity  is  giTCE  to  it»    Firing  a  UUow  candla  through  n  board  is  «l  wdl- 


bined  mass  after  impaet  will  then  become 


Pressure  —  0'5003  Jf  P. 
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known  fe*t  of  showmen.  In  n'eoehet  firing,  »  cannon  ball,  shot  at  an  elevation 
of  from  3**  to  6°,  reboonds  from  the  surface  of  water,  just  as  every  boy  has 
made  flat  stones  skip  from  point  to  point  on  its  sarfaoe. 


I  2.  Meobanloal  Fowen. 

113.  The  lever. — A  lever  is  any  inflexible  rod,  fig.  55,  resting  on  a 
point,  F,  called  the  fulerunij  and  around  which  any  two  forces  tend  to 
turn  it.  Levers  may  be  either  straight,  or  bent ;  simple,  or  compound. 
It  is  usual  to  divide  levers  into  three  classes,  according  to  the  position 
of  the  fulcrum  in  relation  to  the  power  and  weight. 


55 


56 


I 


Fig.  55  is  a  lever  of  the  first  clasSf  where  the  fulcrum  is  between  the 
power  and  the  weight.    In  the  second  class,  fig.  56,  the  weight  is  be- 
tween the  fulcrum  and  the  power.    In  67 
the  tJiird  class^  fig.  57,  the  power  is  - 
applied  between  the  fulcrum  and  the  ^^fc^v^^— ^ 

The  arms  of  a  lever  are  the  lines  on    r  ~   

each  side  of  the  fulcrum,  at  right  angles 
to  the  direction  of  the  power  and  weight. 
In  the  three  figures  just  given,  the  levers  being  horizontal  and  the 
forces  vertical,  the  arms  of  the  lever  58 
are  evidently,  in  each  case,  the  por-  B 
tions  into  which  it  is  divided.    If,  \ 
however,  the  lever  is  bent  or  is  in- 

clined  to  the  direction  of  either,  or  p.,'  ''  \  k 

both,  of  the  forces,  then  the  arms  are 
the  perpendiculars  between  the  ful- 
crum and  directions  of  the  forces.  (Jj 
Thus  in  fig.  58  the  power  acting  in 
the  direction  B  P,  the  moment  of  the  power  is  not  expressed  by 
P  X  A  F,  but  by  P  X  B  F.  The  distance  from  the  fulcrum  is  called 
the  leoerage. 


\ 
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greater  than  the  firat  bodj  Jf,  then  N—aM,  The  vis Tiva of  tlio  eoni' 
Liued  maas  after  impact  will  tlien  become  — i:r=  tttt^ — r  =  -  ■  . 
Ilctice ' 

When  a  moving  body  strikes  a  botJ^  ai  resU  ond  ihe  tteo  mcve  on  toffdhert 
t}i£  Pt*  tim,  of  ihe  combined  ma^s  m  as  mamj  times  less  than  the  ris  nra 
of  ihejtrat  b&dt^  befart  impact  as  the  combined  masi  is  greater  than  ihe 

TfaiA  principle  ehowa  faow  ii  man  vna.j  receive  the  most  Tloleut  itrokefl  of  ft 
RkdgC'bajiKDcr,  upuD  aa  ativil  liiid  upon  hin  {?beBl,  without  Ui9  sliglibeflt  iqjurj, 
when,  If  only  a  light  bourd  were  jntflrposcrd  between  his  per*&a  *nd  the  dweend- 
ing  hiitiiinijf,  the  etrokc  would  bo  instaotly  futal  to  life.  The  iotorpOBitioa  o^f 
koj  boayj  body  wafda  off  thu  force  of  a  bltiw  oa  lbs  sama  prmcipioi^ 

Freaaure  produced  by  impact, — Beaufoj  determmed  that  a  bodj 
of  1  lb,  weight,  with  a  Telocitjof  1  foot  in  a  BCcoud,  strikes  with  a  pres- 
sure equal  to  0  5003  lb.  To  Gnd  tlie  pre^tiure  produced  by  tlie  impact 
of  anj  projectile,  we  have  the  general  formula, 
Presaur*  =  0-5003  ]iV\ 
If  the  bodj  descends  verticalJj,  the  weight  of  the  body  itself  moat  of 
course  be  added  to  the  direct  effects  of  impact. 

Detractive  effects  of  impact. — The  motion  communicated  to  verj 
largo  or  immovable  bodies,  by  nti  impact  of  small  ones^  is  not  losl^ 
but  becomes  insen@ib!e  from  its  eoormoua  difiuMon.  Motion  can  h9 
destroyed  only  by  motion  ;  friction  and  reaistance  disperse,  but  do  not 
destroy  it.  An  impact  can  act  directly  upon  only  a  few  of  the  mole- 
culeB  of  the  body  to  which  it  imparts  motion. 

The  power  whit?h  projects  a  bullet  acts  on  only  one-half  its  surface. 

The  motian  must,  therefore,  be  diffused  from  the  parts  struck  to  all 
the  other  parts  of  the  body,  before  it  can  begin  to  move ;  and  thia  dif- 
fusion retiuires  time,  which  may  be  short  indeed^  but  is  not  infinitely 
ao.  It  happens,  therefore,  that  n,  mo%*able  b(H?y,  if  struck  by  another 
moving  with  grent  velocity,  may  be  penetrated  or  broken  at  the  point 
of  impact,  without  being  itfielf  put  in  motion.  The  part  of  the  bodj 
which  receives  the  blow  is  set  in  moiitm  with  such  velocity  that  ite-pai^ 
tides  are  rent  asunder  before  motion  can  be  communicated  to  the  ma^ 
of  the  body.  Such  eSV^cts  appear  incredible  to  persona  unacquainted 
with  the  inertia  of  matter  and  its  consequences. 

A  rlBc  ball  tnaj  be  fired  tbrough  a  pane  of  g^lasi  stiFpenfled  bj  a  thrvsd, 
without  abatteriDg  the  glsaa,  or  even  cauwog  it  to  vibrate,  A  door  baJf  a[s*a 
may  ho  pcrforati?ij  bj  a  cauuoti  bull  without  being  i^hut  by  it  A  00ft  inbeile, 
like  LnlUpr,  or  m  Wghi  one,  like  a  fculher,  will  act  with  the  forc«  of  lead,  if  Auffi- 
cicnt  Telocity  is  given  to  it.    Firing  a  t&Uow  candle  tbroagh  a  board  h  u 
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known  fe»t  of  showmen.  In  ricochet  firing,  a  cannon  ball,  ihot  at  an  eleration 
of  from  3**  to  6S  rebounds  from  the  surface  of  water,  just  as  every  boy  has 
made  flat  stones  skip  from  point  to  point  on  its  snrfaoe. 


I  2.  Meobanloal  Powen. 

113.  The  lever. — A  lever  is  any  inflexible  rod,  fig.  55,  resting  on  a 
point,  F,  called  the  fulerumy  and  aroand  which  any  two  forces  tend  to 
turn  it.  Levers  may  be  either  straight,  or  bent ;  simple,  or  compoand. 
It  is  usual  to  divide  levers  into  three  classes,  according  to  the  position 
of  the  fulcrum  in  relation  to  the  power  and  weight. 


55 


66 


V 
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Fig.  55  is  a  lover  of  the  first  cJasSf  where  the  fulcrum  is  between  the 
power  and  the  weight.   In  the  second  class,  fig.  56,  the  weight  is  be- 
tween the  fulcrum  and  the  power.    In  67 
the  third  class,  fig,  57,  the  power  is 
applied  between  the  fulcrum  and  the 
weight. 

The  arms  of  a  lever  are  the  lines  on 
each  side  of  the  fulcrum,  at  right  angles 
to  the  direction  of  the  power  and  weight. 
In  the  three  figures  just  given,  the  levers  being  horizontal  and  the 
forces  vertical,  the  arms  of  the  lever  68 
are  evidently,  in  each  case,  the  por-  B 
tions  into  which  it  is  divided.    If,  \ 
however,  the  lever  is  bent  or  is  in- 

clined  to  the  direction  of  either,  or  p  \  ^ 

both,  of  the  forces,  then  the  arms  are 
the  perpendiculars  between  the  ful- 
crum and  directions  of  the  forces.  ^ 
Thus  in  fig.  58  the  power  acting  in 

the  direction  B  P,  the  moment  of  the  power  is  not  expressed  by 
P  X  A  F,  but  by  P  X  B  F.  The  distance  from  the  fulcrum  is  called 
the  leverage. 
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greater  than  the  first  body  if,  then  N=aM.    The  vis  viva  of  the  com- 

bined  mass  after  impact  will  then  become  ,.  .  -,.=  -5771—7 — r  =  z—. — . 

*^  M-\-N    if(l  +  a)  l+a 

Hence : — 

When  a  moving  body  strikes  a  body  at  reat^  and  the  two  move  on  togdhtTy 
the  vis  viva  of  the  combined  mass  is  as  many  times  less  than  the  vis  viva 
of  the  first  body  be/ore  impact  as  the  combined  mass  is  greater  than  iJte 
first. 

This  principle  shows  how  a  man  may  receive  the  most  violent  strokes  of  a 
sledge-hammer,  upon  an  anvil  laid  upon  his  chest,  without  the  slightest  iiyvry, 
when,  if  only  a  light  board  were  interposed  between  his  person  and  the  descend^ 
ing  hammer,  the  stroke  would  be  instantly  fatal  to  life.  The  interposition  of 
any  heavy  body  wards  off  the  force  of  a  blow  on  the  same  principles. 

Pressare  produced  by  Impact. — Beaufoy  determined  that  a  body 
of  1  lb.  weight,  with  a  velocity  of  1  foot  in  a  second,  strikes  with  a  pres- 
sure equal  to  0*5003  lb.  To  find  the  pressure  produced  by  the  impact 
of  any  projectile,  we  have  the  general  formula, 
Pressure  =  0  5003  JTP. 
If  the  body  descends  vertically,  the  weight  of  the  body  itself  must  of 
course  be  added  to  the  direct  effects  of  impact. 

Destmctive  effects  of  Impact. — The  motion  communicated  to  very 
large  or  immovable  bodies,  by  an  impact  of  small  ones,  is  not  lost, 
but  becomes  insensible  from  its  enormous  diffusion.  Motion  can  be 
destroyed  only  by  motion ;  friction  and  resistance  disperse,  but  do  not 
destroy  it.  An  impact  can  act  directly  upon  only  a  few  of  the  mole- 
cules of  the  body  to  which  it  imparts  motion. 

The  power  which  projects  a  bullet  acts  on  only  one-half  its  surface. 

The  motion  must,  therefore,  be  diffused  from  the  parts  struck  to  all 
the  other  parts  of  the  body,  before  it  can  begin  to  move ;  and  this  dif- 
fusion requires  time,  which  may  be  short  indeed,  but  is  not  infinitely 
so.  It  happens,  therefore,  that  a  movable  body,  if  struck  by  another 
moving  with  great  velocity,  may  be  penetrated  or  broken  at  the  point 
of  impact,  without  being  itself  put  in  motion.  The  part  of  the  body 
which  receives  the  blow  is  set  in  motion  with  such  velocity  that  its^ar- 
ticles  are  rent  asunder  before  motion  can  be  communicated  to  the  mass 
of  the  body.  Such  effects  appear  incredible  to  persons  unacquunted 
with  the  inertia  of  matter  and  its  consequences. 

A  rifle  ball  may  be  fired  through  a  pane  of  glass  suspended  by  a  thread, 
without  shattering  the  glass,  or  even  causing  it  to  vibrate.  A  door  half  open 
may  bo  perforated  by  a  cannon  ball  without  being  shut  by  it  A  soft  missile, 
like  tal^A^,  or  a  light  one,  like  a  feather,  will  act  with  the  force  of  lead,  if  suffi- 
cient velocity  is  given  to  it.   Firing  a  tallow  candle  through  a  board  is  a  well- 
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kMWB  §emt  of  sliowmeii.  In  rieoeket  firing,  a  cannon  ball,  shot  at  an  eleration 
«f  frrai  3^  to  rebonnds  from  the  sarface  of  water,  jast  as  everj  boj  has 
Mdt  lat  itones  skip  from  point  to  point  on  its  aarface. 


I  2.  Meohanioal  Powen. 

113.  The  lever. — A  lerer  is  any  inflexible  rod,  fig.  55,  resting  on  a 
point,  F,  called  the  fulcrum^  and  around  which  any  two  forces  tend  to 
tarn  it  Lerers  may  be  either  straight,  or  bent ;  simple,  or  compound. 
It  is  osaal  to  diride  levers  into  three  classes,  according  to  the  position 
of  the  folcmm  in  relation  to  the  power  and  weight. 


55 


66 
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56,  the  weight  ia  be- 
67 
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Fig.  55  is  a  lever  of  the  first  class,  where  the  fulcrum  is  between  the 
p(jwcr  and  the  weight.    In  the  second  class, 
tween  the  fulcrum  and  the  power.  In 
the  third  dass^  fig.  57,  the  power  is 
applied  between  the  fulcrum  and  the 
weight. 

The  arms  of  a  lever  are  the  lines  on 
each  side  of  the  fulcrum,  at  right  angles 
to  the  direction  of  the  power  and  weight. 
In  the  three  figures  just  given,  the  levers  being  horizontal  and  the 
forces  vertical,  the  arms  of  the  lever  58 
are  evidently,  in  each  case,  the  por-  B 
tions  into  which  it  is  divided.    If,  \ 
however,  the  lever  is  bent  or  is  in- 
dined  to  the  direction  of  either,  or 
both,  of  the  forces,  then  the  arms  are 
the  perpendiculars  between  the  ful- 
crum and  directions  of  the  forces.  ^ 
Thus  in  fig.  58  the  power  acting  in 
the  direction  B  P,  the  moment  of  the  power  is  not  expressed  by 
P  X  A  F,  but  by  P  X  B  F.   The  distance  from  the  fulcrum  is  called 
the  Uoerage. 
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114.  Conditions  of  eqailibriom  in  the  lever.— These  conditions 
are :  1st,  Ttie  lines  of  direction  of  the  two  forces  must  be  in  the  same 
plane  with  the  fulcrum ;  2d,  The  two  forces  must  tend  to  turn  the  lever 
in  opposite  directions ;  3d,  Whatever  may  be  the  class  of  the  lever  the 
weight  and  power  will  be  in  equilibrium  when  they  are  inversely  as 
their  distances  from  the  fulcrum.  Thus  in  either  of  the  three  figures 
above 

P:W  =  FW:FP   or   PXFP  =  WXFW. 

Consequently  the  moment  of  the  power,  or  its  tendency  to  turn  the 
lever  will  be  augmented,  either  by  increasing  the  power  itself  or  its 
distance  from  the  fulcrum. 

The  pressure  on  the  fulcrum,  when  the  power  and  weight  are  in 
equilibrium,  is  found  by  applying  the  principle  of  the  composition  of 
forces  (46).  In  a  lever  of  the  first  class,  the  resultant  of  the  power 
and  weight  is  a  single  force,  equal  to  their  sum,  and  passing  through 
the  fulcrum ;  consequently,  the  pressure  will  be  equal  to  the  sum  of  the 
power  and  weight.  In  a  lever  of  the  second  or  third  class  the  resultant 
is  equal  to  the  difference  of  the  power  and  the  weight. 

Compound  levers. — When  a  small  force  is  required  to  sustain  a 
considerable  weight,  and  it  is  not  convenient  to  use  a  very  long  lever,  a 
combination  of  levers,  or  a  compound  lever  is  employed.  When  such 
a  system  is  in  equilibrium,  the  power,  multiplied  by  the  continued  pro- 
duct of  the  alternate  arms  of  the  levers,  commencing  from  the  power, 
is  equal  to  the  weight  multiplied  by  the  continued  product  of  the  alter- 
nate arms,  commencing  from  the  weight.  For  example,  the  system 
represented  in  fig.  59,  consisting  of  three  levers  of  the  first  class,  will  be 


59 


in  equilibrium  when 

P  X  A  F  X  B  F^  X  C  F'^  =  W  X  D  F^^  X  C  F'  X  B  F. 

If  the  long  arms  are  6,  4,  and  5  feet,  and  each  of  the  short  arms  1  foot, 
then  1  lb.  at  A  will  sustain  120  lbs.  at  D ;  but  if  a  simple  lever  had 
been  used,  the  long  arm  being  increased  simply  by  adding  these  quanti- 
ties, we  should  have  gained  a  power  of  only  6  +  4-(-5  =  15tol. 

115.  Applioation  of  the  lever. — Machines  and  utensils  in  daily 
use  offer  us  familiar  examples  of  the  three  classes  of  levers. 


rl  dart  we  mums  the  crowbaf  and  poker,  when  uaed  to  raiaq 

Malferv,  nndl  pincers  ar« 
of  kvers  of  tliie  cliis!*^ 
point  C,  fig*  0*1,  wii'ich  COD- 
being  the  fulcmm, 
poirer  is  applied  at  the 

Ifmt  and  the  rediatance  is  the  object  between  the  bladoi. 

Aaottivr  nmniile  of  the  Unt  lev«r  it  seen  in  Iba  ordinary  tnicfcj  flg,  fll,  uso^^ 
f«r  muring  h^^Atjr  gtmdi  a  «'bi;tr(  illBttmce.  In  this  maebtniv  ihe  nxb  of  Lbft>< 
^^Wala^  Ff    Uae  fnlersfxit  agmtost  whtcb  tL«!  Tuut  is  placed,  wbUu  tbe  wuigbt  At  B 

winrf  olf  tka  grouDd  bj  tk«  huDd,  applLcJ  at  1*. 

«l 


Th^  RcaJc  beam,  ot  balance,  is  one  of  the  most  URcfuI  npplicationi*  of 
ftrst  cla««  of  levers.  Tlie  beam  is  a  lover  p<fby<J  nt  its  centre  on  a 
^^fgt  of  »te€l,  4,  02.  From  its  ends  A  B  are  suspended  the 
~wm\6  fiAOs  C  K.  Tlie  centre  of  gravi  ty,  m,  in  pla<?i?(J  bulciw  tho  fukrum, 
<t»  to  Biwejfie  A  hofijEontal  pijsUion  of  the  bpam  vrlieo  in  (?f|uilibrium.  If 
r  1  with  the  fuluruin  tho  balant'e  wuulJ  rest  pqiiivHy  well  in  all 

j  ;.iul  if  it  were  abwve  tlie  fuJcrura  tho  beam  would  be  upi*et  liy 

a  vligtit  dislurbdDce. 

Tbe  steelyard  ii^  a  lever  of  the 
first  claxst.  villi  uneqital  arins.  The 
niJi,>v*,  Q,  t*i  bn  weighed,  is  attached 
to  tlic  thiiTi  arm.  A,  fig,  63,  ami  it 
it)  ci*unt*rpit*nd  hy  a  constant 
w*^lgl»l,  G,  »!iifted  upon  the  longer 
im,  marked  with  noti^heB  to  indi- 
c«t«  pdUhdt  tuid  oun<«^  nntil  equl- 
lilirium  m  obtAtoed.  It  i^i  erident 
A  fKiond  weight  at  O  will 

M  nuuij  piruada  at  Q  as  the  dittUmoe  Q  G  ie  greater  than  A  C. 
10* 


Jfl4567«g  B 
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Levers  of  the  second  class  occur  leaa  frequently.   A  pair  of  nut- 
crackers, with  the  fulcrum  at  the  M 
joint  G,  fig.  64,  is  a  double  lever 
of  this  class.   An  oar  is  another 
example;  the  water  is  the  ful- 
crum, the  boat  is  the  weight,  and 
the  hand  the  power.  A  door  moving  on  its  hinges,  and  a  wheelbarrow, 
are  other  examples  of  levers  of  the  second  class. 

In  lecers  of  the  third  class^  the  power  being  nearer  the  fulcrum,  is 


65 


\ 


always  greater  than  the  weight.  On  account 
of  this  mechanical  disadvantage,  it  is  used 
only  when  considerable  velocity  is  required, 
or  the  resistance  is  small.  Fig.  65  represents 
such  a  lever,  W  F,  moving  on  a  hinge  as  a  ful- 
crum; it  is  plain  that  the  power  P  moves 
through  a  small  arc,  and  the  weight  through  a 
large  one,  and  since  they  are  described  in  the 
same  time,  the  velocity  of  the  power  is  less 
than  that  of  the  weight. 

The  common  fire>tong8,  ragar-tong^,  and  sbcep-Bbears,  aro  doublo  lovora  of 
tbis  class.  The  most  striking  illastrations  of  this  class  of  Icvurs  are  seen  in  the 
animal  kingdom.  The  compact  form  and  beautiful  symmetry  of  animals  depend 
on  the  fact  that  their  limbs  are  66 
such  lovers.  The  socket  of  the 
bone,  a,  fig.  66,  is  the  fulcrum ; 
a  strong  muscle,  b  e,  attached 
near  the  socket  is  the  power, 
and  the  weight  of  the  limb  and 
whatever  resistance  w  may  op- 
pose to  motion,  is  the  woighL 
The  fore-arm  and  hand  are 
raised  through  a  space  of  one 
foot,  by  the  contraction  of  a 
muscle  applied  near  the  elbow, 
moving  through  less  than  that  space.  The  muscle,  therefore,  exerts  12  times 
the  force  with  which  the  hand  moves.  The  muscular  system  is  the  exact  in- 
version of  the  system  of  rigging  a  ship.  The  yards  are  moved  through  small 
spaces  with  great  force,  by  hauling  in  a  great  length  of  rope  with  small  force ; 
but  the  limbs  aro  moved  through  great  spaces  with  comparatively  little  force, 
by  the  contraction  of  muscles  through  small  spaces  with  very  great  force. 

Examples  of  componnd  levers  are  familiar  in  the  various  platform 
scales,  such  as  Fairbanks'  and  others.  However  various  in  form,  they 
all  depend  upon  the  principles  already  explained. 

The  principle  of  the  constmction  of  the  veigkimg  machine  is  illustrated  in 
fig.  67.   It  consists  of  a  wooden  platform,  placed  over  a  pit  made  in  a  loca^ 
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(  far  drSrinj;  hvmvy  lojifle  upon  U-,  MhI  it  ««  ftrrftTijjPil  lu  to  movo 
ft*f'»  1111  1  'l'>»o  witbuuL  Urut4iinf^  iltc  wttllf  of  (Ji©  pir,  Tliu  platTonp  ruit* 
«^  A  K  U  f «  C      ond  D  F,  all  convergui^  tonnril  tha  ceatm  ¥, 

IB-  on  tt  fulcnuD  ut,  Aj,  Bj  €^  U,  4mwii\j  Hxtsd  ia  vaok  como^r  af 

AifO.  Tbu  |iUtform  rejilj 
Ml  IM  (Wt,  a'  <^  J'«  nhicti 

TW  Amr  l»Tcr»  kre  ntp- 

fmlmd  mt  ihn  pumi  F»  ttn- 
itt  a*  arnlirc  tlie  |<tal- 
hrai»lij  *  '  r.  ti  F., 

tmtiMg  '-<■  Icrum 
U  Bp.  ■Jiii-  ^  ■•>..•.!  atm 
•»  O  it  •9ni»fr<ttra  witL  II 
M.  •hifh    i»  '  irrSnl  up 

ana  «r  t!<:  -  ^^1,  luitl 

on  the  loaircT  arm, 
of  the  1o»f1  pl&ecd  fi|M»h 

Ai        four  l^T^r«  A,  B»  C,  D,  «r«  perrr«ct1j  cqunl  fttid  similar,  nrid  all 
vpofi  Ibe  iiiiti«  fulcrum      iho  elFect  of  the  iTei;j;bl  [jlncc-d  upon  My  part  nt  tho 
flxtlbm  i«  lli€  t&mo  AJ  if  it  were  ronecntratcd  at  eitltor  nftbc  puiutti  <4,  h,  r,  r/. 

In.  ardertherafoie  u-c«riiua  the  couditioiu  of  «r)iiilibrium,  we  need  onlj 
aen«id«r  eme  of  these  levcr«,  lu  A  F»  Siippu^tt!  Ltie  4jiflLani'fl  frnm  A  to  F  to  ho 
lt>  timm  ««  »*  fj*™  A  to  a,  a  force  cjf  1  lb.  At  F  wtmldl  buljuico  10       ni  ti, 

90  .90f  part  of  tlie  platform^  Bq,  B.h<>)  if  tbe  »li«tancD  from  B  to  G  lj«  lU 
IsBW  gnt*t«r  thui  the  di«taii<te  fram  tbo  fukriiin  E  to  »  f<orc*e  of  1  lb.,  up- 
fi'mH  M  w  to  Tmi$c  np  tbe  end  of  (bo  lever  G,  ntiuld  cctant«rpoiao  a  wdglut  tif 
t$  fhi,  Ott  P.  thf<rff<.>rv,  1  lt«.  tending  t«  ra.U<i  Q,  would  balaoce  100  )>>9.  on  tha 
pl«llt»niu  If  ihe  poiiii!.  P,  ji  plH/eed  5  times  s«  far  from  Ibo  fukruiu  of  tbis  aled- 
fttni  aJ  Ihp  atHbcbmeut  of  ibe  rod  connected  with  tbon  2  lbs.  at  P  viH  balimro 
It  Mm,  mt  (I,  or  100  Ihi.  »t  P,  or  lOOfl  lb?,  oo  tbe  plutform.  If  tho  woipflit  of  P 
aftd  tlM  gnwluatiuii  oflbia  alwlyard  ftre  arrangud  on  tbefn!  priDclplos,  tho  wtlgbt 
»f  tlM  bcaripft  toads  '^in  the  platfi^rln  may  be  dctormiDed  with  grvat  farUity. 

W«i^fa-lacik4  on  t:aB«ifl,  aod  manj  otber  applitiadonii  af  tbe  cumjKiuad  lever^ 
if*  amuxfM  on  ibe  tiune  priacipbt, 

Hobenrartt  comiteF  platform  balance. — The  exterbr  nppenranco 
*yi  ihh  balance  is  bIiowh  iu  fip;,  G8,  mid  its  interior  arrargement  in 
fig.  60,  The  equitilirium  i*f  thi>*  Hjstojn  of  levcira  ia^  liltG  that  of  fig.  {J7, 
indeiMmdcnt  of  die  prtsitionfif  the  load  on  the  patiP,  and  the  mechivnUm 
It  miL'b  Uiat  the  pans  move  on  a  vertical  Btein  with  no  deflection  fm>m  a 


mhirh  pttpfpotu  tde  [iiiti  P,  rinna  und  full*  I'naoljjf  al  bivlli  cndt 
u»  iff  Um  b««ii»  A  B,  C  beiu^  attJu:boi]  W  tbe  end  ul  Ibi;  bcajDn  B, 
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atid  D  Wing  attaobtd  iif  E  to  iho  Ipvor  E  P  ;  E  IT  tusifig  pqunl  to  0  H,  wb  '« 
ii  acciirclj  nltnehcd  to  th«  Uftse,  E  una  B  rise  and  fall  cquallj',  andD  C  i«  iilwiiji 


C8 


61} 


hoHKOctiU  in  mrtiTj  poaUiLhU  ul  tbc  Loam  A  B.    Siui  c  iht*  Ji.-i,  i.'f  ii  C  jifc^ofvps 
btincontiLl  posUioDj.  tbo  iFt«im  a  aiippartLng  tlto  pan  P,  niaTc>a  T«rti^t»1l]r,  wh. 
tvvT  may  Ihi  tbfi-  [tositioQ  of  th«  Utad  dd  the  pun.    Tbu  mdu%ir  h  m  ans  in  Iho  # 
snme  bomDutn]  liti«  irfaiMi  tUc  pn,Df  ar^  ia  equilibrium.    Tbi»  f/jteio  U  muned 
from  Ibe  invcnt<»r,  Mr.  Kubcrval  of  Pari*,  ftad  datei  from  abuut  a,  P,  lOW. 

IIG,  The  wheel  and  axle. — The  comiuon  lever  b  cbi^inj  etnptcijf 
to  raise  weights  tbrou^b  small  70 
spACGii.  bj  A  BQcce^^sian  of  sliort 
intertiiittmg  efforia.  After  tlie 
weight  has  been  raised  it  must 
be  auppotted  in  iu  new  poei- 
tion,  until  the  lerer  ciiJi  te 
agnln  afljusted,  to  rcpeut  the 
autii>ii.  The  wheel  and  jule  U 
a  mfidifiefltion  of  tUo  lever, 
which  (K»rreeta  this  dt'fect  ;  littd, 
since  it  contert*  ihc  inreniiil- 
ting  actiiin  of  the  levi^r  into  a 

iK>ritinuoufl  motinn,  it  ]9  i^oinctinieB  called  the  perpetual  lever, 
Tliis  tofteliiiie  cundtiiL!!  af  a  cylinder  cullud  tlio  axle,  turtJiug  on  a 


contipc^trrl  Mfhh  a  wUeel  of  much  greatef  diameter.  The 
';^^lie»d  to  the  drcumfe pence  ot  I  he  whcd,  und  the  weight  h 
•tticKml  (o  ft  Ti>jve,  iroiind  around  the  ailo  in  a  ctrntmrj  dir<^etion, 
lRi9t<*ft<]  of  Ihe  whole  wheel,  the  power  may  be  applied  to  a  handle 
noiniHl  a  winch,  or  tn  one  or  tnote  spokes  in^  71 
MTted  in  the  tktie.  When  the  aile  is  horizontol 
the  mvchinQ  i»  cutlet)  n  witid]aB?t,  fig.  TO,  when 
it  1  1  it  ff^rms  tlie  cnpstATJ*  fig.  71,  used 

t'l  1,  chiefl?  to  mUe  the  anchor.  The 

ftlad  vl  Uit>  ca[t«lMni  is  pierced  with  holew,  in 
ImIi  of  which  tt  lever  can  be  placeii,  so  that 
vumf  mea  t»a  work  at  the  flame  time,  exerting 
ft  fv«*l  lov>ce,  M  Ifl  ofleti  nibmas&rj  m  i^ii^ing  an 
Midicrr«  whUe  the  recoil  of  the  weight  h  arrested  hj  n  oatcfa  at  the 
holtoiD, 

The  taw  of  eqailibrium  is  the  samot  aa  72 
in  the  lever.  Draw  from  the  centre,  or 
folcTtim  r,  fig.  72.  the  atraight  line*  €  b 
Ettd  e  a»  or  c  a",  to  the  poiutii  on  which 
Ui«  weight  and  power  act ;  a  «  &,  or  a'  «  6, 
i«  eridenttj  a  lever  of  the  first  claaa,  in 
which  thf?  ftbort  arm  e  6  Is  the  radlas  of 
Itip  aile,  r  aor  c  the  hjng  arm, 
ui  Utf  mditu  of  Ihe  wheeL  Hence, 

Or. 

Thnt  is  to  say,  the  wheel  and  tixle  ure  in  o nuUibriam,  when  the 
pftwtT  ie  I' I  tho  wi'i^ltt  as  the  radius  uf  the  ojile  is  to  tJie  nvliu^  of  the 
whceL 

la  one  reroltitioti  of  the  machine,  the  power  laaves  through  a  npftoe 
•qQal  to  ib«  circumference  or  the  wheel,  ftnd  the  weight  moves  throngh 
i  MpftCK)  ec)iiftl  to  the  eirenmference  of  the  axle ;  hence  the  [Kiwer  and 
w«i^t  are  inversely  m  their  velocities,  or  the  spaces  they  de&cribe, 

117.  Trains  of  wheel- woik.^ — The  efficiency  of  this  miuihinc  ia 
aitj^4^tA<l  hy  diminbhing  the  thickness  of  the  aiIc,  or  by  tiierciising 
the  diftiOirter  of  the  wheel.  But  if  ft  very  great  power  ia  refjutred, 
either  the  axJe  would  l^sconie  too  small  to  nustnin  the  wei^iht^  or  the 
wh«el  miivt  be  miule  inconveniently  lurge.  In  thie  case  a.  eomhinallon 
of  whetla  and  ailes  may  be  emplojeil.  Such  a  eystem  corresponds  to 
the  eomponQd  Itver,  and  has  the  same  law  of  equilibrium.    Tfie  power 
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being  applied  to  the  first  wheel  transmits  its  effect  to  the  first  axle, 
this  acts  on  the  second  wheel,  which  transfers  the  effect  to  the  second 
axle,  &c.,  until  the  force,  transmitted  through  the  series  in  this  order, 
arrives  at  the  last  axle,  where  it  encounters  the  resistance.  In  equi- 
librium,  the  power  multiplied  into  the  continued  product  of  the  radii 
of  all  the  wheels,  is  equal  to  the  weight  multiplied  into  the  continued 
product  of  all  the  axles. 

Trains  of  wheel-work  are  connected  by  an  endless  band,  or  by  cogs 
raised  on  the  surfaces  of  the  wheels  and  axles.  Gogs  on  the  wheel  are 
called  teeth,  and  those  on  the  axle  are  called  leaves ;  the  axle  itself  is 
named  a  shaft.  The  number  of  teeth  on  the  wheels,  and  leaves  on  the 
pinions  is  proportional  to  their  circumferences,  and  also  to  their  radii. 
Ilencc,  the  number  of  teeth  and  leaves  is  substituted  for  the  radii  of  the 
wheels  and  axles,  and  the  law  of  equilibrium  is  stated  as  follows : 

The  power  multiplied  into  the  product  of  the  number  of  teeth  of  all  the 
wheels,  is  equal  to  the  weight  multiplied  into  the  product  of  the  number 
of  leaves  in  all  the  pinions. 

Analysis  of  a  train  of  wheel-work. — A  system  of  wheels  is  rep- 
resented in  fig.  73.  If  the  number  73 
of  leaves  in  6,  the  pinion  of  the  first 
wheel,  is  one-sixth  of  the  number  of 
teeth  on  the  second  wheel,  e,  the  wheel 
will  be  turned  once  by  every  six  turns 
of  the  pinion.  Let  the  second  pinion, 
c,  have  the  same  relation  ttf  the  third 
wheel,  / ;  then  the  first  wlieel  will  re- 
volve 36  times  while  the  mird  revolves 
once ;  and  the  radius  jof  a,  the  wheel 
to  which  the  power  is  applied,  being  3 
times  the  radius  of  d,  the  axle  which 
Bsutains  the  weight,  the  velocity  of  the 
power  is  3  X  36  =  108  times  the  velo- 
city of  the  weight.  Or, 

P:  W=  1 :  108. 

Combinations  of  wheel-work  are  employed  either  to  concentrate  or  to  dilTuse 
force;  either  to  set  hoarj  loads  in  motion  by  means  of  a  small  power,  or  to  pro- 
duce a  hi<;h  velocity  by  exerting  a  considerable  power.  In  the  first  caao,  the 
power  is  applied  to  the  first  wheel  of  the  seriei",  and  is  transmitted  in  the  order 
alrca<ly  described.  In  the  second  instance,  this  arrangement  must  bo  reversed; 
the  power  must  exert  itself  on  the  shaft,  rf,  in  order  to  produce  rapid  revo- 
lution of  the  last  wheel.  The  crane  for  hoisting  goods  is  an  example  of  the  firat 
kind ;  the  watch  is  an  instance  of  the  second. 
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118.  The  palley -^Fixed  poUey. — The  usual  fonn  of  thb  machiao 
uawiaU  whi^el,  turning  un.  hs  axia,  und  having 
a  gnwre  ou      edge,  to  adtnit  ti  floxible  rope  or  ^ 
duiin.    lu  the  Mtnple  fixed  fiulley,  lag,  74,  there 
k  m  iiicH:hatiii:uLl  iuJvanin|;e,  excqit  thut  which 
muf  Mxi*^  fniin  chuDging  the  fjiroctbn  of  the 
palter.    WhiitcTer  furce  ia  ejcertcd  ^^t  P,  k  trans- 
aitted,  without  iiitireas«  or  diminution  (except 
from  friftioD  and  the  rigidity  af  the  rope),  to  the 
re^iatAAce  at  tht  other  end  of  the  cord.   Fditn  the 
tils  C,  draw  C  a  and  G  t,  radii  of  the  wheel,  at 
right  &ngle«  lo  the  direction  of  the  forces ;  a  C  6 
(«pre»etiiB  *  terer  of  the  first  clojus,  with  equal 
irmc;  heuce^  in  equilibrium^  the  power  and  ^] 
»eije;ht  must  be  equal,  and  they  describe  equal  eipaoea. 

ll'i.  Mnvable  pulley. — When  tlie  block  or  frame  is  uot  fixed, 


the 


policy  b  Baid  to  he  tuovable.  The  weight  is 
ftuvpdndetl  from  the  ftiis  of  tlie  movable  pul- 
lej,  and  the  cord  is  fasteticd  at  one  end,  and 
paMiing  over  a  fixed  pulley^  ia  acted  ou  by  the 
power  at  tlie  other.  In  this  arrangement^ 
fiig.  75,  it  is  plain  that  the  weight  ta  supported 
equally  by  the  power  and  the  beam  at  1>.  For 
the  palky  iicl«  as  a  lever  of  the  eeeond  cla&Sj 
wbo«e  arii«  are  to  eajtsh  other  as  1  ;  2;  the 
rnlcnim  i*  at  5.  it  ia  the  leverage  of  the 
w«ight,  and  ba  thtj  leverage  of  the  power. 
The  disuneier  h  a  is  twice  tlic  radius  h  #?,  there- 
fore equilibriuni  will  obtain  when  the  power 
ia  equal  to  4>ne>half  of  tlio  weight:  i.  e., 

Pi  W^beiba^l  :2, 

therefore. 


75 


V 


9 


Ta  rui*»o  the  weight  one  foot^  each  side  of  the  eord  lauat  be  shortened 
on*  foot,  And  Die  p«wer,  conseijuen tly.  pa^t»eB  over  two  feet*  The 
ipacfl  traversed  by  the  power  b  twice  the  space  described  by  tlio 
weight.. 

lt:0,  Cora,poaDd  puUeym.— Sometimes  coropjund  pulleys  are  used, 
Mob  oo«»isdnj5  of  a  block  which  contains  two  or  morc^  single  pnlleys, 
gtQtrmlly  pbteed  side  by  side,  in  scj>arate  mortice*  of  the  block.  Such 
aa  unagemmai  ia  ahown  in  Gg.  76.    The  weight  i»  atta<chod  to  the 
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moTable  block,  and  the  fixed  one  only  serves  to  give  the  power  the 
required  direction.  It  is  easily  seen  that  the  power 
required  at  Pis  just  the  same  as  would  be  required  at 
any  point  between  A  and  B.  The  weight  is  divided 
equally  among  the  pulleys  of  the  movable  block,  and, 
of  course,  among  the  cords  passing  around  them ;  and 
as  the  power  required  to  sustain  a  given  weight  is 
diminished  one-half  by  a  single  movable  pulley,  it 
follows  that  such  a  system  will  be  in  equilibrium 
when  the  power  is  equal  to  the  weight  divided  by  the 
number  of  cords,  or  by  twice  the  number  of  movable 
pulleys. 

W 

P:W=l:2n,   or,  -P=2^. 

In  this  system,  as  in  the  single  movable  pulley,  the 
space  through  which  the  weight  is  raised,  is  as  much 
less  than  the  space  through  which  the  power  descends, 
as  the  weight  is  greater  than  the  power. 

P  :  W=  velocity  of  weight :  velocity  of  power. 
If  the  power  is  moved  through  6  feet,  fig.  76,  each  division  of  the  cord 
in  which  the  movable  block  hangs  will  be  shortened  one  foot,  and  the 
weight  raised  one  foot. 

Another  system  of  pulleys  is  represented  in  77 
fig.  77.  In  this  arrangement  each  pulley  hangs  < 
by  a  separate  cord,  one  end  of  which  is  attached 
to  a  fixed  support,  and  the  other  to  the  adjacent 
pulley.  The  effect  of  the  power  is  rapidly  aug- 
mented, being  doubled  by  each  movable  pulley 
added  to  the  system.  The  numbers  placed  near 
the  cords  show  what  part  of  the  weight  is  sus- 
tained by  each,  and  by  each  pulley.  Such  a 
system,  however,  is  of  little  practical  use,  on 
account  of  its  limited  range.  In  the  common 
block  system,  fig.  76  (in  practice  the  pulleys  or 
sheaves  of  each  block  are  placed  side  by  side, 
to  save  room,  here  they  arc  separated  for  sake 
of  clearness),  the  motion  may  continue  until 
the  movable  block  touches  the  fixed  one ;  but 
in  this  only  till  D  and  E  come  together,  at 
which  time  A  will  have  been  raised  only  I  of  that  distance. 
„   _    .    -  _  IT 
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t*L  ThJO  iooUned  plane. — This  mecbaiiicix]  power  is  cnmcaotiljr 
ttwd.  whtotfvtr  iiVAKV  load)!,  ea{j(.*ciiiilj  aucb  aa  maj  he  mtled,  are  to 
lenuMHl  a  nuMierate  licigltl.  In  ih^^  wrij  ciisks  lu-e  rtiovtMj  in  and  out 
ofcA'llare,  tunj  lomit'd  ut*oti  carts.  Tbe  •conixuoti  ihuy  Is  itsiilf  jvn  tiirliuiid 
fiUiit?  (a**  ih  cltwiHjf^  »eea  by  lu^^jectm^  fi^;.  78),  Suppoeo  a  cask  wcigh- 


Ib4>  19  to  be  miscd  4  feet  bj  meaiiB  of  a  plunk  12  feet  long ;  U 
that  ^bilfi  the  e»«k  tuccDila  oiiiy  f^ur  feet,  the  power  mast 
WH  itooir  ihrougii  12  feci,  tittd  facDce,  12  :  4  =  500 :  1661,  ibe  faro« 
lice«iw&ry  If)  rail  the  coaIc. 

In  mecbiioic!!,  Uie  inclined  plane  b  a  hard,  amooth  aurfaee^  iacllned 
ublttjael  J  t*>  the  reftistance.    The  length  of  the  plane  is  R  S,  fig,  7*Jj 
S  T  itM  height^  ttUil  RT  it*  biise.    The  power  maj  be  applied, 
a — In  A  dtfvotion  ptimtlcd  to  the  length  ; 
^ — Or  parallel  t**  the  bjise  ; 
c — Of  ifi  any  other  direction, 

I&  e»ch  coAn  the  condjtiijr»a'i>reiiuilLl;rmm  mny  be  derived  from  tboae 
of  ibe  l«fr*r. 

122.  Applioatlon  of  tlie  power  parallel  to  the  length  of  the 
liicUtt«d  pla.ne, — When  a  body  is  pJaeed  upon  an  iticiiiicd  plane,  fig. 
7ft,  ha  weight,  which  is  the 
MUAlsuic^  to  br>  ovcrc!ontt% 
MtB  m  the  di recti un  of  the 
force  of  graritr,  namely  in 
the  perjiendicul.ir  ha*  Let 
r,  P,  ncXn  by  mnana 
in  llie  dirwti<iri 
•  c,  pamllel  to  thf<  incliTM'ti 
plane  R  lb*>ii  fr<'ni  the 
point  a  draw  a  d  al  right 
aagW  wtth  the  Inelined 
pUne^  and  eoniptcte  tbo 

m  acinf    The  force  of  gruvuv  w'Al  he  resoked  info  two 

11 


force  of  gn 
the  perjieniJ 
^^^M«r.] 
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other  forces ;  one  represented  by  6  c  causing  pressure  on  the  inolined 
pUtne ;  the  other,  represented  by  c  a,  tending  to  cause  motion  down  the 
inclined  plane.  This  latter  forca  is  to  be  balanced  by  the  power  ap- 
plied to  move  the  body.   The  body  will  therefore  be  sustained  when 

P:  W=ac:  ab; 

and  since  the  triangles  abc  and  R S T  are  similar, 
P:  Tr=ST:RS; 

Or 

T,  ST 

This  may  be  illustrated  by  an  apparatus  constructed  like  that  shown 
in  the  figure. 

If  the  direction  of  the  power  is  parallel  to  the  inclined  plane,  equili- 
brium will  obtain,  when  the  power  is  to  the  weight  as  the  height  of 
the  plane  is  to  its  length.  While  the  weight  is  raised  through  a  space 
equal  to  the  vertical  height  of  the  plane,  the  power  must  move  through 
a  space  equal  to  its  length.  If  the  length  of  a  plane  is  10  feet,  and  its 
height  2  feet,  P  must  move  10  feet,  while  W  is  raised  2  feet ;  hence  the 
power  and  weight  are  inversely  as  their  velocities. 

123.  Application  of  the  power  parallel  to  the  base  of  the 


80 


inclined  plane. — In  the  second  case, 
let  the  power  act  in  the  direction  of  a  P, 
fig.  80,  parallel  to  B  C,  the  base  of  the 
plane ;  and  draw,  the  lines  b  a  and  b  c 
perpendicular  to  the  direction  of  the 
power  and  weight:  then  a  6  c  is  a 
bent  lever,  having  its  fulcrum  at  6,  and 
equilibrium  will  take  place  when 

P:  W=bc:  ab; 
and,  the  triangles  abc  and  ABC  being  similar, 

F:  ir=AB:BC; 

Or 

tr      ^'^  A  jj 

If  the  direction  of  the  power  is  parallel  to  the  base  of  the  plane, 
equilibrium  will  obtain  when  the  power  is  to  the  weight  as  the  height 
of  the  plane  is  to  its  base. 

In  this  case  the  space  described  by  the  power  is  to  the  space  described 
by  the  weight  as  the  base  of  the  plane  is  to  its  height. 
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1^.  Applieatioii  of  the  powei  in  aome  direction  not  paiaUel 
to  an  J  Aide  of  the  plane. — Liutlj,  let  tb«  power  act  in  some  direc- 
tion nut  pitmtlel  to  unj  Bide  of  the  pl&nc ;  fur  example;  m  thti  direction 
*P,  fig.  HK  <iritw  the  line*  6  c  and  ba  perpendicular  to  the  directioDi 
thm  two  furccs;  tlien,  oe  before, 

P:  W—  hciuh. 

Bat  AA        triftnglefl  ^  he  and  ABC  ure  &ot  similar,  the  propdrlioa 
bnwetn  the  arms  of  the  lever  cunnot  61 
ex|Kreiued  hj  the  aides  of  the  pkno. 

It  foD^wt  from  wh«t  hu  been  inid,  ihivL 

liclffil  of  tli«  |i]jui«  in  dimtnbbwl  or  il« 
Irngth  ifi«r«*siiH]  ^  »nd  that  the  eff«(^t  ic 
gnaleai  wbeo  iU  ilir«crtiua  is  psraUel  tu 
lb»  UAgUi  of  Lho  pUac,  fur,  tf  ihc  power 
mriM  in  ah;  Qther  <iirc<:<tioii,  it  part  &f  ilm 

pontM  of  lh«  bodj  on  tb«  pljine,  or  la  liftipg  tho  weight  diroctlj. 

135.  Tb«  Wddge.^ — Instead  of  lifting  a  loa.d  bj  moving  it  along  an 
inclloed  ptaiiep  the  same  result  may  be  obtained  hj  €2 
mofltig  the  plane  umier  the  load.    When  u.sed  in  thi«         J1  J  A 
number*  the  incltncd  plane  is  called  a  wedge.    It  ij!i 
ciwtonitirj,  liowever,  to  join  two  plftoea  base  to  base. 
In  ftg.  82^  AB  is  called  the  buck  of  tha  wedge,  AC 
and  B  0  ita  side«,  und  dC  ita  length.   The  pi^wer  is 
Applied  to  the  baok  of  the  wedge,  m  m  to  drive  it 
bolween  two  bodies,  and  overcome  their  resiatancc. 

Tbo  miii*tiui(>fl  mnj  *c't  a.l'  ri|^lit  ui^lfA  to  tlie  letiglh  or  X*^ 
llw  ^HAmm  «>f  ih«  In  the  iiret  c»se  it  rcj<CTnbk>a  an  iriclinud  pliine,  wLfin 

tlkM  piwer  i«  ffurftHel  t-rn  tim  hue  *  irad  bconr  the  forces  will  bo  m  «tj|uiJibriii(n 
when  ih*  puir«r  19  to  itio  reatituicc  ut  th&  bjtfk  uf  tbe  worlgir  is  iu  ita  leugffa. 
la  thr  ic^rm  J  pmo  si  it  timilar  to  a  pl)&QC  when  tlju  powor  in  pttrallel  to  l!te 
1#n)rth  r  Bn>1  tLerer»re  iti  equilibrium  wbon  tLo  povor  i«  to  the  r««uUiiic«  mM 
flu  h»ek  (*f  tb«  wvil)|Fo  ((J  ^iiltj. 

Tb«  powrr  m  fupp>tif«d  t<i  more  through  a  ff>tjcc:  equal  ta  the  kngib  of  tho 
wbile  Lh«  rvfliitAtirc  yictfls  irj  the  ntcint  of  it^  breadth. 

12fi.  Application  of  tlie  wedge.^Ai  a  m^cbasical  power,  tho  wfrdp^o 
ia  vi«4  out  J  wbpre  great  fi>rc«  is  to  bo  excited  Id  a  limited  «pac«.  In  oH'tnUliij 
Uka  ntckU  £rum  i»lik>b  wguLabie  oili  are  obtained  are  lomL'iimc^a  compre^^tiil 
vUJl  «OortDouJ  for(H}  meaDs  of  a  wedge.  It  u  evf!ir>'wberfi  tmploycd  to  «plit 
miM M  i»f  *t(me  auil  timlwr.  Tbo  ed|^u«i  yf  all  r;utfing  t^julji,  »ji  bjiwi*,  kniiTi>R, 
flliiiti,  ra««rt,  ihcar*,  At-^,  end  tht  potnti  orpicn'ing  in^trutnrni'Pt  ^  iiwlt<,  nail^ 
pla^  aaodlei,  atT<  modifiml  wedgos.    ChtAFlt  iutendcd       cat  wtnid,  barO 

iMr  an  anjtlfl  of  itiitiEit       ^  for  cottiiif^  hrau,  from  &U°'  to  CO''  ;  and  Tor 

Imb,  abottt       to  90*^.    Tho  iofloi  or  aioro  jklding  tho  «iib«taooo  to  W  diridod 
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the  more  acute  the  wedge  may  bo  constructed.  In  general,  tools  which  are 
urged  by  pressure,  admit  of  being  sharper  than  those  which  are  driven  by  a 
blow. 

The  theory  of  the  wedge  gives  but  very  little  aid  in  estimating  its  effects,  as 
it  takes  no  account  of  friction,  which  so  largely  modifies  the  results,  and  the 
proportion  between  pressure  and  a  blow  cannot  bo  defined. 

127.  The  screw. — ^This  machine  has  the  same  relation  to  the  ordi- 
nary inclined  plane  that  a  spiral  staircase  has  to  a  straight  one.  This 
relation  is  shown  in  fig.  83,  the  dotted  line  K  L  88 
marking  the  continuation  of  the  spiral.  The 
position  of  the  different  parts  of  an  inclined 
plane  upon  a  screw  is  shown  in  fig.  84.  abcdefg, 
is  the  spiral  course  of  the  inclined  plane  upon  the 
screw,  and  acf  ^  are  points  in  the  straight 
inclined  plane  corresponding  to  similar  letters  on 
the  threads  of  the  screw,  as  would  be  seen  by 
winding  the  plane  around  the  cylinder.  The 
thread  of  a  screw  projects  from  the  surface  of  the  cylinder,  and  is 
designed  to  fit  into  a  spiral  groove,  cut  in  the  interior  of  a  block  called 
the  nut ;  a  lever  is  also  84 
fixed  in  the  head  of  the  ^ 
cylinder  to  which  the 
power  is  applied.  The  ' 
combination  of  these  c 
parts  forms  the  mecha- 
nical power  technically 
called  the  screw. 

In  working  the  screw,  the  resistance  acts  on  the  inclined  face  of  the 
thread,  and  the  power  parallel  to  the  base  of  the  screw.  This  cor- 
responds to  the  case  in  which  the  direction  of  the  power  is  parallel  to 
the  base  of  the  inclined  plane.  Equilibrium  will,  therefore,  take  place 
when  the  power  is  to  the  resistance  as  the  distance  between  the  threads 
of  the  screw  is  to  the  circumference  described  by  the  power. 

P:  Tr=A:27?.<,andP=  "^Xg^^; 

h  beinj;  the  distance  between  the  threads,  U  the  radius  of  the  screw,  or 
of  the  lenf^th  of  the  lever  attached  to  it,  and  w  the  ratio  of  the  circum- 
ference of  a  circle  to  its  radius. 

During  each  revolution  the  power  describes  a  circle,  whose  circum- 
ference depends  on  the  length  of  the  lever,  but  the  end  of  the  screw 
ad  vances  only  the  distance  between  two  threads ;  thus  in  this,  as  in  all 
cases  of  the  use  of  machines,  what  is  gained  in  power  is  lost  in  velocity. 
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1^,  Mecbaalcal  efflci^ncj  and  appLicatioiia  of  the  acxew.— 
Thut  mfK?hu«ic4*l  effieieucy  of  tlie  screw 
ia  iagnieutei»  eilhor  bj  iiicreiv*irig  tho 
1mi|»1)i  i.*f  till"  lever,  or  by  lenjacoinj^  the 
dtxtaocR  betwrei^n  the  thremlH.  It'  thu 
Iib«a40  tit  a  scwjw  nre  |  of  an  incli 
ip«rt.  Hid  Ui«  power  describes  n  olrcle 
of  5  feet  (120  hAif'Miolies)  eircumfer- 
foce,  «  pTwer  of  1  lb,  will  balance  a, 
reitsUiiice  of  120  lbs. ;  if  tho  thrcadB 
Are  I  iacfi  apart,  1  tb.  will  balance  2 10 
Ibe.,  Ilm  efficieDcy  being  doubled. 

Fm*ae»wi  are  Uierefore  more  power- 
ful tbaa  ooam  ones.  The  ApptipntionB 
uf  Itus  Bioft  useful  mechanical  power 
loA  numerous  to  mention,  but  no 
frnqueDt  or  important  example  of  its  use  can  be  tmtned  than  is 
in  its  use  in  presses  of  nearlj  all  kitida.  A  good  illui^tration  of 
wbich  IS  scKJii  in  the  ectpyin*  preas,  fig.  85, 

129.  Ttie  endtesa  aciew  is  a  cutitrlvaiice  hj  whicli  a  elow  raotit'ii 


it  ttn parted  &  whcijl,  as  Bhuwu  m  fig. 
Wi*  The  threads  of  tlte  ncr^w  iwt  upi.m 
the  cng*  (kf  the  whed,  and  eerve  to  move 
the  weight  Q.  attached  to  the  ajtis  M  L. 
If  ir€  «kti  the  ratUns  of  ilie  circle  <^  - 
■crilMsd  hj  the  wineh  D  B  =  r,  nntl 
4  =3:  ihe  dt9lunc<»  betw^^en  the  threiwii  ol' 
the  *erew,  we  thall  have  the  puwerof  the 

WBitw  Lot  B  =  M¥,  and 


86 


1 


e=  M  L,  and  the  ptjwer  of  the  wheel  and  axle  will  ^ 
Then  Wt  P=  27:r  X     :  A  X 


F  A 


Th«T«fiir0  the  weight  h  to  the  power  aji  tbo  circumference  of  the 
fclrcle  deBCribcil  by  the  wioch     multiplied  hj  the  radius  of  the  wheel, 
to  Iho  distance  between  tbe  thready  of  the  acrew  muUipUed  bj  tlie 
iui  of  the  tk%l&, 
W 
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I  3.  Strength  and  Power. 

130.  Animal  strength. — The  mechanical  effect  produced  by  men 
and  animals  is  subject  to  extreme  variation,  according  to  the  various 
circumstances  under  which  it  is  applied.  The  effect  produced  is  deter- 
mined by  multiplying  the  load  (or  weight)  by  the  speed.  There  is 
always  a  certain  relation  between  the  elements,  which  will  give  the 
maximum  effect ;  for  the  load  may  be  so  great  that  it  will  require  all 
the  strength  of  the  animal  to  support  it,  and  then  he  cannot  move ;  or, 
again,  the  animal  may  have  a  speed  of  motion  so  great,  that  he  cannot 
carry  any  load,  however  small. 

131.  Strength  of  men. — It  has  been  found  that  the  strength  of  a 
man  may  be  exerted,  for  a  short  time,  most  advantageously  in  raising  a 
weight  when  it  is  placed  between  his  legs.  The  greatest  weight  that 
can  be  raised  in  this  manner,  varies  from  450  to  600  lbs. ;  its  average 
amount  does  not  however  exceed  250  lbs. 

The  greatest  mechanical  effect  from  muscular  force  is  obtained  when 
the  animal  acts  simply  by  raising  his  weight  to  a  given  height,  and 
then  is  lowered  by  simple  gravity,  as  upon  a  moving  platform,  the 
animal  actually  resting  during  the  descent.  In  other  words,  the  animal 
affords  a  convenient  mode  of  raising  a  given  weight  (his  own)  to  a 
certain  height.  Thus,  if  two  baskets  are  arranged  at  each  end  of  a 
rope  hung  over  a  pulley,  and  a  weight  to  be  raised  is  placed  in  one  of 
ihe  baskets,  one  or  more  men,  whose  weight  is  greater  than  that  of  the 
load  to  be  raised,  can,  by  getting  into  the  empty  basket,  raise  the 
weight  as  often  as  may  bo  required.  It  has  been  found  by  experiment 
that,  in  this  way,  a  man  working  eight  hours  can  produce  an  effect 
equivalent  to  2,000,000  lbs.  raised  one  foot ;  while  at  a  windlass  an 
effect  of  only  1,250,000  lbs.  is  produced,  and  at  a  pile  engine,  only 
750,000  lbs.  In  the  tread-mill,  the  daily  effect  of  men  of  the  average 
strength  is  1,875,000  lbs.  raised  one  f(X>t.  Spade  labor  is  one  of  the 
most  disadvantageous  forms  in  which  human  labor  can  be  applied ;  the 
force  exerted  being  always  much  greater  than  the  weight  of  the  earth 
raised.  The  muscular  effect  of  the  two  hands  of  a  man  is  about  (50  k) 
110\  lbs.,  and  for  a  female  al)0ut  two-thirds  of  this  quantity. 

132.  Horse-power  machines. — One  of  the  most  advantageous 
methods  of  applying  the  strength  of  animals,  is  by  machines  ctm- 
ftructed  upon  the  principle  of  the  tread-mill.  In  practice,  however,  it 
has  been  f«jund  more  convenient  to  apply  horse-power  to  machinery  by 
means  of  a  large  beveled  or  toothed  wheel,  fixed  horizontally  on  a 
strong  vertical  axis,  as  in  fig.  87.  The  horses  are  attached  to  project^ 
iug  arms  of  this  wheel,  and  as  they  move  in  their  circular  path,  they 
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fio^Ti  n-snlnst  their  crjllars,  and  make  the  wheel  tevolve.    This  bereled 
whi^'l  tu'tA  on  a  bercleJ  pinion  altflcheJ  to  a  horbonttJ  ahaft,  la  oon- 
-on  with  tlie  nmchtaer?  to  St 
»ct  in  mottoD.  The  maximum 
pflVct  which  a  hor»e  cati  exert 
in  drawing  is  ^00  Ihs.^  but  when 
h<s  work*   corjtmuou:^ly,  i(  in 
mueb  leAM.  In  the  niachise  ju9t 
mef)  lionet],  a  horse  *>f  averngo 
ngth  produeea  as  much  effect 
»eT«rn  tueo  of  ai^erAge strength 
wurking  at  a  ^inillass.  Accurd- 
ing       experinients  made  hy 
Prodgoldf  it  appenra  that  the 

arcmgo  load  which  a  singk  home  can  draw,  at  the  rate  of  20  tnllefl  per 
dnj.  in  a  tmri  weii^hing  7  ewL,  is  one  ton  of  1800  lbs. 

122.  Tabl«  of  the  comparative  stren^h  of  men  and  other 
antmala. — The  following  eHtimatea  of  tlio  relative  stren^^h  of  man  and 
Mther  antmaU,  have  been  givea  hy  the  outhoritica  whose  namea  are 
indicate*!,  Cotiloinh'A  estimate  of  the  lal>or  of  a  man  being  in  each 
tftkcn  aa  the  unit. 
Carrjring  luftds  on  the  tiack,  on  a  level  road  ; 

Itor«e,  Mvordlng  to  BntDncoi^  4*8 

Id  drawin}!^  loads,  on  a  lerel  rondp  with  a  wheeled  Tebide; 

Miin  with,  a  Hbeelliarrc^w,  vreordiog  Ut  CoulDiAbj  lO-O 

{tt  l*TO-frbc«lcd  eart,  seeordisg  to  Bmsacci, 


Mak, 
Ox, 


2XHI 


lliiinnfnitir  give**  the  rollowipg  compar&tiTe  estimate  t 
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134.  StJNua-power.'^Watcr  in  eonv**rted  into  steam  hy  ihe  applicsr 
uf  ht^L    Htciun  ia  an  elastic,  condensiblu  vupor,  cupaLlc  of  exeil- 
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ing  great  force.  During  the  conversion  of  a  cubic  inch  of  water  into 
steam  a  mechanical  force  is  exerted,  which  may  be  stated,  in  round 
numbers,  as  equivalent  to  a  ton  weight  raised  one  foot  high.  The 
water  is  merely  the  medium  by  which  the  mechanical  effects  of  heat 
are  evolved.  The  real  moving  power  is  the  combustible,  the  coal  or 
wood,  consumed  in  the  evaporation  of  the  water. 

The  maximum  effects  from  a  given  weight  of  coal,  in  evaporating 
water,  and  consequent  mechanical  effect,  have  been  obtained  in  Corn- 
wall, England,  where  a  bushel  of  coal,  weighing  84  lbs.,  has  produced 
a  mechanical  effect  equivalent  to  120,000,000  lbs.  raised  one  foot. 
Probably  100,000,000,  is  the  maximum  mechanical  effect  attainable,  in 
regular  work,  by  the  consumption  of  a  bushel  of  coal. 

.  As  the  maximum  effect  produced  by  man  is  2,000,000,  and  that  of  a 
horse  10,000,000,  it  follows,  that  one  bushel  of  coal  consumed  daily 
may  perform  the  work  of  50  men  or  10  horses. 

In  the  chapter  on  heat  and  the  steam-engine,  this  subject  will  be 
more  fully  considered.  It  is  introduced  here  only  for  the  sake  of  the 
convenient  standards  of  force  it  gives  us. 

The  dynamometer,  already  described  (37),  is  employed  to  measure  the 
efficiency  of  any  given  mechanical  power. 

135.  Perpetual  motion. — Many  visionary  persons  have  convinced 
themselves  of  the  possibility  of  constructing  a  machine  to  work  con- 
tinuously, with  no  new  access  of  power.    That  such  a  machine  is  im- 
possible, in  the  nature  of  things,  is  S8 
clear  from  the  fact  that  no  combina- 
tion of  parts  in  a  machine  can  create 
power.  A  machine  can  only  transmit 
force,  subject  to  the  various  losses 
incident  to  friction  and  other  resist- 
ances. 

Fig.  88  shows  one  of  the  numerous 
forms  of  apparatus  contrived  in  the 
vain  effort  to  elude  the  laws  of  nature 
and  produce  a  perpetual  motion.  The 
eight  balls  are  hinged  on  points,  in 
such  a  way  that  those  on  the  falling 
side  arc  held  farther  from  the  axis  i^han  those  on  the  rising  side.  Not 
only  does  experiment  show  that  such  a  machine  will  not  m>rAr,  but  it 
is  plain  that  the  sum  of  the  r^istances  (aside  from  friction,  &c.) 
must  equal  the  sum  of  the  powers. 

Nature,  in  cataracts,  in  the  revolution  of  the  earth  and  other  heavenly 
bodies,  furnishes  us  examples  of  perpetual  motion.   But  in  mechanios 
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tlu«  term  Implies  the  assuiued  eapacitj  of  a  maclijae  to  coiilmiie  iLio 
p«rf«jrttiAiie«  uf  its  trurk  by  some  rouewing  force — ae  of  a  clock  which 
•huuM  wind  it)»«tf  up  in  propurtiun  as  hy  graTitj  it  runs  duwn — a 
Uiiog  plainly  icnpossiblc. 

g  4.  Impediments  to  Motion. 
13(5.  T9Baive  reBiBtaiiceB. — Be.fidts  iliose  roabtances  which  a  ma- 
chine is  depigticJ  lo  orercotup,  tli<?re  are  certain  others  wliich  nrise 
during  tJa*  moTciuent  uf  the  machine,  and  oppose  its  useful  actiuD  Ljr 
dtvtroTiiig  more  or  less  of  the  moving  [lowcr*  These  f<>reea  are  deaig- 
aattdi  bjr  the  genoml  name  of  passice  resintttncea,  or  itnpedimcntB  to 
mxilit>n, 

Scverat  kinds  are  diatiogqiehcil : 

Ut,— \tbeo  we  aliempt  to  cause  one  body  to  slide  over  another,  a 
n^BiMtHtice  is  cjtperteiicedr  lio  thiit  it  is  oeoeuarj  to  mo  a  cortain  Jegreo 
of  forc^  U>  comaienco  the  sliding,  and  also  to  ootitinue  the  niotiua  uiter 
it  has  been  begun.    This  h  the  reslstatiee  called  sliding  Ji  ietktnj  or 
pi  J  friL'tion. 

1 — When  a  cjlindrical  body  ia  rolled  on  &  plane  surface,  the  movs- 
lumii  isi  opposed  by  a  force  called  the  rolling  frklt<un.  It  is  &een,  for 
timnipte,  ia  the  roUiog  of  Civrriii^e  whecln  on  the  ground. 

Zd^ — ^Tbe  Top«H  and  chaius  whieh  enter  into  the  coiiipiinUioa  of  som^ 
mftchjitea,  arc  auppoaod,  in  theory,  to  be  perfectly  flexible,  but  as  tbey 
lire  not  »o,  a  eonmderable  loas  of  power  is  caused  by  their  stifftieis^,  or 
rjltetjlexiifilii^, 

h.— The  moTemestt  of  all  machines  take  plnjce  either  In  air  or 
irmter.  and  the  particles  of  these  Buidei  whioh  come  in  contact  with  tbe 
caaebin«,  are  Odiitinuidly  «iet  iu  motii^n,  which  can  only  hnppcn  at  the 
expcn.^  of  the  raoving  power.    Thia  is  caUetl  the  rejfutance  nf  jlttids. 

137.  Sliding  friction, — if  the  Borfat'esof  budieti  were  perft?ctly  hnrd 
nod  snjf«>tb,  Uicy  would  slide  upon  each  other  without  any  resistance. 
But  ilio  m«»t  highly  puliahed  surfiicefl  are,  really  (a*  they  appear  under 
the  microscope},  full  of  minute  prujeetions  and  cavities^  whbh  tit  in 
iach  other  when  two  Aurfaeei)  are  brought  into  cimtact.  The  fierce 
ftquired  to  oferoome  the  rrrughnOHs  and  consequent  adhesion  of  etur- 
fiunM  ia  tlie  toeiiture  id*  friLition.  This  qutintitj,  divided  hy  the  weight 
of  tho  body*  forms  a  fnieiion  widch  i»  called  the  co-efficient  uf  the 
frtoliim. 

Starting  friqtion— Fdctipa  dniing  motion. — Tbe  amount 
f  forct!  nvce^i^ary  tu  cuiuioenee  the  motion  of  two  bodlcst  sliding  no  each 
i»f  in  iiivHi  paaop,  greater  than  the  i'orcQ  required  to  continue  the 
uniformly  after  tt  haa  been  begun  -  hence  this  resi^luuue  i« 
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distinguished  into  two  kinds,  starting  friction,  and  friction  during 
motion.  They  are  also  called  statical  and  dynamical  friction.  Whewell 
proposes  to  name  the  former  airidion,  reserving  the  word  friction  for 
the  latter.  However  named,  the  laws  of  each  can  be  determined  only 
by  experiment 

Conlomb'a  apparatus  for  determining  starting  friction. — Dif- 
ferent observers  are  by  no  means  agreed  in  respect  to  all  the  laws  of 
friction ;  we  shall  here  follow  the  results  obtained  in  1781,  by  the 
celebrated  French  philosopher  and  mathematician,  Coulomb.  In  1831, 
Morin,  by  command  of  the  French  government,  repeated  and  enlarged 
the  experiments  of  Coulomb,  usually  verifying  his  general  conclusions. 

The  principal  apparatus  used  by  Coulomb  is  represented  in  fig.  89. 

89 


It  consists  of  a  horizontal  table ;  a  box,  A,  to  receive  the  weights  used 
to  produce  the  different  pressures ;  a  pan,  D,  on  which  were  placed  the 
weights  to  drag  the  box  along  the  table  by  means  of  a  cord  passing 
over  a  pulley.  The  box  was  mounted  on  slides,  of  the  same  substance 
on  which  the  experiment  was  to  be  made,  and  corresponding  slips  of 
the  same,  or  a  different  substance,  were  placed  under  the  sliders  on 
the  table.  The  amount  of  the  weight  required  to  be  placed  in  D,  to 
move  the  box  from  a  state  of  rest,  is  the  measure  of  starting  friction ; 
and  the  weight  necessary  to  continue  the  movements  uniformly,  is  the 
measure  of  friction  during  motion. 

Results  of  Coulomb's  experiments  on  starting  friction. — 
Without  detailing  the  experiments,  it  will  be  sufficient  to  state  their 
general  results  embraced  in  the  following  laws : — 

Friction  during  movement  is, 

l»t. — Proportional  to  the  pressure  exerted  upon  the  sliding  surfaces. 
2d. — Independent  of  the  extent  pf  the  surfaces  in  contact. 
3d. — Independent  of  the  velocity  of  the  movement. 
4th. — Greater  between  surfaces  of  the  same  than  surfaces  of  different 
materials. 
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i  between  rough  fluifftceA,  and  is  dimlni^lied  hj  polish- 
in    uid  ueuftllir  by  the  use  of  tui table  unguents. 
Friction  tit  starting  is, 
1*L— Proportitiiiftl  to  pressure, 
Sd, — IndependeDt  of  extent  of  Burface. 

— Generally  iDcreaaed  by  polishing  the  surfaces. 
The  frictiuti  at  Btnrting,  and  during  the  moTenient,  are  the  same, 
when  the  sliding  Burfnces^  are  hard^  like  the  metalB ;  but  if  the  bodiea 
tre  compressible,  like  wood,  the  starting  fricrtion  ia  much  the  (^eiitegt. 
When  lit  least  one  of  the  surfaces^  U  compressible,  the  restfitiLnce  is  not 
always  tlie  fotne,  bat  rariea  according  to  the  time  the  fiurfaees  htive 
been  in  ooataet.  If  wood  Blides  on  wood^  the  starting  frictton  attains 
iti  grvatest  iDtctisity  in  two  or  three  minutes;  but  if  the  iliding  sup- 
fi««i  »re  wood  and  nietalSf  the  greatest  intcQsity  is  not  reached  for  a 
mmh  longer  time,  several  hours,  aod  somotimee  aevernl  days.  Bui  after 
a  oertaio  lime  bos  elnpsed,  the  starting  friction  ii  no  longer  lugtnented 
if  lengthening  the  time  of  couttict. 

It  appears  strangG  at  first,  and  contrary  to  our  pfovious  iJoas*  that 
the  frictiun  at  starting;,  and  during  inovemetit,  should  not  be  incre}i>ted 
by  erilargitig  the  surfaces  in  contact,  and  viee  verm.  The  eiplanation  is 
this.  Friction  ie  pm  port  ion  til  to  pressure;  if,  therefure,  two  bodies 
hate  Uie  same  weight,  and  one  hoe  twice  the  surface  of  the  other,  the 
ight,  being  equally  di^itrtbnted  on  each  surface,  will  be  twice  ns 
on  each  point  of  the  stirface  of  the  lirBt  body  us  cm  each  point  of 
the  second,  and  consequently  (lie  frieticm  at  each  p>int  of  the  first  ia 
twice  the  friction  at  each  point  of  the  second,  and  the  whole  friction 
rnw^t  be  the  same  for  each  bodj.  This  law,  bowevert  does  not  hold  good 
in  est  rem  I?  ca*es. 

With  ihe  same  presBure,^  the  friction  varies  exceedingly  according  to 
the  nature  of  the  surfaces  in  contact.  The  following  table  shows  the 
ratio  of  friction  in  several  cases,  the  pressure  being  100» 


1                                   Soi'teOil  ll  MOMiVt. 

BaUo  bT  MflUaa  u  prtnnn. 
At  •u.nfnf.       1       Id  n)all<w. 

0  afi 

*•              ••     with  coaling'  of  aoup,  .  . 

0-3» 

0  u 

"              "               "       tit  (allowi  . 

0-19 

0-OT 

0  ea 

0^42 

*•      with  eoAtia)^  of  l»lloir,  . 

0-12 

D  OB 

Lc»i:Li4i  I>.iu<l4  on  wo«d«  ... 

0-4S 

♦*         ••            .    ,                       .  . 

0-87 

0  !J3 

018 

0^18 

w      "      *•     with  coatinif  of  «llTis  oO, 

012 

0-07 
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139.  Rolling  friction. — The  resistance  experienced  in  rolling  a 
cylinder  along  a  plane  surface  is  distinct  in  character  from  the  friction 
produced  in  sliding  the  cylinder,  and  very  much  less  in  amount.  In 
wood  rolling  on  wood  the  proportion  of  resistance  to  pressure  is  from 
16  to  1000,  or  6  to  1000,  while  the  sliding  friction  in  the  same  case  would 
be  as  5  to  10,  or  36  to  100,  according  to  the  kind  of  sliding  friction.  The 
resistance  of  rolling  friction  arises  from  a  slight  change  of  form  pro- 
duced in  the  body,  and  the  surface  on  which  it  moves,  and  correspond- 
ing to  the  amount  of  pressure.  The  cylinder  is  flattened,  and  the  plane 
depressed,  so  that  the  moving  force  is  exerted  in  continually  moving 
the  body  up  a  very  minute  inclined  plane. 

Coulomb's  apparatus  for  determining  rolling  friction. — The 
apparatus  employed  by  Coulomb,  consisted  of  two  bars,  horizontal  and 
parallel,  with  a  space  between  them,  fig.  90.    A  cylinder  of  the  same, 
or  a  different  substance,  was  placed  90 
transversely  across  the  bars,  and  loaded 
with  any  required  pressure  by  hanging 
strings  upon  it,  carrying  equal  weights 
at  their  extremities.    Another  string, 
wound  several  times  around  the  middle 
of  the  cylinder,  carried  a  pan  c  to  re- 
ceive the  weight  necessary  to  produce 
motion.    It  is  evident  that  this  weight 
acted  always  at  the  extremity  of  the 
radius  of  the  cylinder  as  a  lever. 

Reanlts  of  Coulomb's  experi- 
ments on  rolling  friction. — From  the 
experiments  were  derived  the  following 
laws : — 

The  friction  of  rolling  bodies  is, 

l»t. — Proportional  to  pressure. 

2tl. — Independent  of  velocity,  of  the  diameter  of  the  cylinder,  and  of 
the  extent  of  the  surfaces  in  contact. 

3d.  Greater  when  the  substances  are  the  same  than  when  they  are 
different. 

4th. — Not  diminished  by  coatings  of  grease,  but  is  so  by  the  polish 
of  the  surfaces. 

If  the  force  which  produces  the  movement,  instead  of  being  applied 
always  at  the  same  arm  of  the  lever,  fig.  90,  were  applied  horizontally 
at  the  centre  of  the  cylinder,  or  at  the  upper  extremity  of  its  vertical 
diameter,  it  would  be  inversely  proportional  to  the  diameter. 

The  friction  of  the  axle  of  a  wheel,  whether  the  axle  itself  turns,  or 
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thfl  wti*wl  on  tUo  axl«,  is  some^bat  lesa  than  ftUdiag  fritstlon,  bul  obey* 
the  mime  Uwn,  Tlio  frictiiio  uf  axJes  may  be  reiJuced  on4>lmlf  or  ooe- 
qu4rter  it*  original  amount  by  ih©  use  of  proper  unguents. 

141.  K  Mr.  Babbage's  experiment, — Mr,  Bubbaga  cite:s  Q.n  in^truo 
tifff  ejt^H>rimeia  to  iJlustriite  tbe  decrease  of  friction.  A  bloek  of  stone 
wdghin^  lOHO  tbi.  was  dmwn  on  tbe  surface  of  a  nwk  by  a  force  i»f 
75ii  lbs. ;  pl»o«4  on  a  wooden  sled  go,  it  was  drawn  on  a  wcMxien  floor  by 
II  foree  of  606  lbs, ;  wheu  Ijotli  wcKsden  an r faces  were  greased,  182  I bi. 
irii  taffioieiit ;  and  when  tbe  bluck  woa  mounted  un  wonden  rolEers  of 
l3ir$e  tn«hc3  dhimeter,  u  force  of  only  28  lbs,  was  requif«d  to  move  it. 

HI-  A^vantagea  derived  from  friction, — ^The  advantages  arUing 
from  friction  are  vastly  greater  than  the  losa  of  power  which  it 
ocoMnma.  Without  tliis  pro|jeriy  of  matter  it  would  bci  equAlIy  impos- 
lible  to  make  or  u«e  luaohiueH,  for  notbliig  cuuld  be  nailed,  i^r  screwed, 
»r  tied  togetheft  or  grasped  securely  In  the  hand.  From  the  difficulty 
of  walking  on  very  smooth  ice,  wo  may  infer  how  uselew  would  be  the 
effort  tty  im>ve,  if  our  feet  met  no  resistance  whatever. 

142.  Rigidity  of  topes, — When  ropes  afo  uned  to  transmit  foree, 
tbelr  BtiffhesB  occasions  a  considerable  loss  of  p4>wer,  amounting,  in 
(Mae  Oombination»  of  pulteyf^,  to  two^thirda  of  the  whole  i)owor.  The 
tmotrnt  of  the  loaa  from  thia  cause  is  modified  by  many  external  cir> 
cui&itancea,  ^uch  oh  the  dampness  of  the  cardage,  ita  quality,  and  the 
Dmnner  in  which  it  iii  made.    In  general,  the  resistance  of  ropes  is, 

l^t,^ — I*n:*porti<iDal  to  the  tension  to  which  they  are  eubjected. 

2d.— It  increa^^es  with  the  thicknesi^,  and  is  greatest  in  those  that 
hare  been  etroo^^ty  twisted, 

3d.— U  m  inversely  proportional  to  the  diameter  of  the  wheel  or 
cylinder  anmnd  which  the  mpes  are  bent. 

H3.  Heaistandes  of  ftoids. — The  resistance  which  a  moving  body 
m#et»  in  air  and  water,  h  an  effect  of  the  transfer  of  motion  from  the 
lotid  to  the  particles  of  the  Quid.  For  the  moving  body  must  constantly 
dt^  »rt<)r  the  fluid  equal  to  its  own  bulk,  and  the  moti<m  thus 

c*it:   .  "jd  h  80  much  lo*s  of  the  motive  power.   When  other  cir^ 

eumstances  axe  the  mta^,  the  denser  the  medium  the  greater  will  be 
the  rc«it«tanee  which  it  i»ffera.  Newton  demonstrated  that  if  a  spheric^ 
IxmIj  tnofAJt  in  a  medium  at  rest,  and  whose  density  is  the  same  as  its 
uwo,  it  will  hvii*  half  of  its  motion  l^efore  it  has  described  a  space  equal 
U>  twice  it*  d*aniot*r*  The  rediatanee  encountered  by  a  body  moving 
in  water  is  S<><>  timesi  greater  than  if  it  were  moving  with  the  same 
velocity  in  air ;  for  water  being  SiXl  times  more  dense  than  air,  the 
body  muoit  di><place  and  (HiminuDicale  tta  own  motion  to  SUO  timet  tia 
moch  matter  in  th«  same  time. 
U 
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The  resistance  also  depends  upon  the  extent  and  form  of  the  sarfkce 
which  is  directly  opposed  to  the  resistance ;  i.  e.,  at  right  angles  to  1h9 
direction  of  the  motion.  A  body  with  a  pointed,  wedge^haped,  or  curved 
surface,  is  less  opposed  than  one  whose  surface  is  flat  and  broad. 

The  resistance  increases  as  the  square  of  the  velocity ;  for  if  the 
velocity  is  doubled,  the  loss  of  motion  must  be  quadrupled,  because 
there  is  twice  as  much  fluid  to  be  moved  in  the  same  time,  and  it  has 
also  to  be  moved  twice  as  fast.  Again,  let  the  velocity  be  trebled,  then 
the  body  will  meet  three  times  as  many  particles  of  the  fluid  in  the 
same  time,  and  communicate  three  times  the  velocity ;  therefore  the 
resistance  is  3  X  3  =  9  =  3«. 

Bodies  having  the  same  figure  and  density  overcome  the  resistance 
of  fluids  more  easily  in  proportion  to  their  size.  In  cannon-balls,  for 
example,  the  extent  of  surface  to  which  the  resistance  is  proportional 
increases  as  the  square  of  the  diameter,  while  the  weight,  or  power  to 
overcome  resistance,  increases  as  the  cube  of  the  diameter.  If  two 
balls  have  diameters  in  the  ratio  of  2 :  3,  the  resistances  which  they 
will  encounter  at  the  same  velocity  of  projection,  will  be  in  the  ratio 
of  4 :  9,  and  their  moving  force  in  the  ratio  of  8  :  27. 

144.  Actual  and  theoretical  velocities. — In  consequence  of  these 
impediments  to  motion,  the  actual  movements  of  bodies  are  materially 
dificrent  from  the  theoretical  motions  explained  in  previous  sections. 
The  motion  of  falling  bodies  is  very  far  from  being  uniformly  accele- 
rated, nor  do  all  bodies  fall  with  equal  rapidity,  as  theory  requires, 
and  as  was  seen  to  be  true  in  the  guinea  and  feather  experiment.  The 
resistance  of  the  air,  which  is  very  small  at  first,  rapidly  increases,  and 
after  a  certain  time  becomes  equal  to  the  force  of  gravity,  when  the 
body  will  no  longer  be  accelerated,  but  move  uniformly  through  the 
remainder  of  its  descent.  The  descent  of  bodies  on  inclined  planes 
and  curves  deviates  still  more  from  uniformly  accelerated  motion,  since 
the  efiect  of  friction  is  added  to  the  resistance  of  the  air. 

145.  Ballistic  curve. — A  still  greater  difierence  is  observed  be- 
tween the  actual  and  theoretical  motions  of  pro-  01 
jectiles  (103).  Instead  of  describing  a  parabola, 
A  E  B,  fig.  91,  the  projectile  actually  describes 
the  curve  A  C  D,  called  the  ballistic  curve,  which 
never  attains  so  great  a  vertical  height,  or  so  long 
a  range  as  the  corresponding  parabola,  and 
which,  toward  the  end  of  its  course,  continually 
approaches  the  perpendicular,  £  F.    A  four- 
pound  shot,  which  fiies  6437  feet  in  the  air,  would  traverse  in  a  vacuum 
a  space  of  23,226  feet. 
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Ai  iti  tli«  cft»»  of  rrietion,  tbo  bcneALs  re«ultiii|f  from  Uiitf  stttU  of  tbiiigi 
~Antajrt^«.    Fitli  eould  nol,  twim,  nur  birds  fly,  were  it  nut  for 
tbt)  media  thoy  itibalnt.    Tbe  pnddlo-wtioeb  «f  «  stctityer 
nor  it9  ruddur  gnuU  lis  course,  if  ibcy  met.  a^j  rti^iatanco  to 
giOT«mcDlf.    Aud       can  Tory  well  dif!pt:ii!ii3  with  a  pLTft^-t  Uitw-ry  <jf  pro- 
if  tlioreby  Ui«  ram  is  pmrented  fmra  dcicemliOg  with  liio  dv0trEtoUr» 
Vf  lodtjr  of  liAil>«Uiii«i. 


Problems.— Via  Viva. 


47.  If  «  ioeomoliro  ani  train  mo^e  21}  miiea  boar,  how  nmcb  gFcal«r  force 
will  be  rv(ittlrn4  to  wnttf  »  irn'm  frcigbing  tbr«c  timea  m  mucb       mUce  au 

49,  If  ■  lo<ooaiotifo  ir^iigbiag  SO  tons  wilt  dr&w  a  train  wmgbing  96  tona  15 
ttiles  •kit  hour.,  al  what  relo^itj  will  it  dfsw  a  train  wejgbing:  3(1  tona !  Tb« 
w«i^lit  *tf  th*s  locomotive  u  to  be  added  to  the  train  in  lj<*tb  i:m«». 

<1V.  What  will  b«  tbe  r<»lat^re  dvitniftire  power  of  a  harrietuifl  moTlsg  00 
Btlle*  mu  hauTt  *ud  aaotber  morinf  9(1  mtlcfl  an  baur  ^ 

bt>.  [fa  pile-driver  weighing  1500  Ibi.  rA)««'d  2Q  fuel  iiriken  with  a  gWen  foreo 
%o  ^Tfrcntnn  re^tiiFtaiict,  t«  whai  height,  mufit  It  bo  raiaod  to  ghv  a  sbock  two  and 
a  baif  tlmtti  ns  great  ? 

H.  What  11  ihe  comparative  destroiitire  power  of  a  cannon-ball  weigbing  B4 
Jk>.  hf  wg  1000  fe«i  per  pecan d,  aiid  aautbor  biilL  weighing  200  lbs.  Sying  laUO 
|MT  Mcond? 

^  The  Lever. 

tfrX,  T«A  wejgbta,  3  and  4f  balance  tiie  eitremitiee  of  a  Icrer  i  f«Qt  laag; 
fail  tlic  fukrom. 

Four  wcigbt^,  1,  3,  are  plaictd  lit  «<|aal  divtaneei  on  » ttraigbt  lever. 
DrMrwln*  tlie  pMiiioo  of  tb«  fulcmm. 

&4.  T«0  men  ««rrj  a  weigbt  of  I!  «wt  bung  on  a  polsj,  tbe  ends  of  wbieb  reet 
en  tbeir  AHottldem;  wb»t  part  of  tbe  load  is  borne  by  eaah  mm,  Ibo  weight 
baagio^  i  iaebei  from  ibe  middle  of  tbe  polfs,  tbo  wbolo  length  of  wblcb  U  4 

A  beajBs,  18  f«.'t  long,  u  iupported  a4  hath  cudj ;  a  wcigbt  of  IS  fwt«  it 
•a«|Mcot1e4  at  Z  f««t  ttom  one  ead,  and  a  weight  of  12  ewL  at  S  feet  from  Ibo 
otber  end  .  required  tlie  preftjiure  at  eaeb  point  of  nupport. 

S4»  A  ttniform  beam,  40  feet  in  leDgtb^  the  weight  of  wbicb  ii  4  ewt.,  U  mp- 
iKMted  bjr  twe  props,  A  and  B,  30  fwt  apert ;  a  weight  of  24  cwt.  la  theD  ant- 
ftnMl  en  the  beam  at  ibn  distance  of  IQ  fcvt  from  tbe  beam  projecting  S 
fvrt  ovor  th*  pf^fi  A,  and  2  fe^t  oror  tbftt  at  B;  roquirod,  the  prveeure  on  each 
•f  tbe  prop*. 

:■'  ' '  :  'I'ver  3  fitet  la  length  u  weifchl  of  500  Ibi,  in  au^p^nded  at  ono  cod^ 
a'  i  iui  iti  fulcrum;  wbtit  wtif^Ll  at  ibe  olher  end  will  ItLi'p  the  laver 

tb  .       1    I  a.i.  the  IcTPT  biMug  Rfftuineil  t<j  bi"  witboul  wtighl? 

Wheel  and  Axle« 

49.  A  power  of  10  lb».  on  a  wheel  ibe  diiLm«i«r  of  wbtcU  h  10  fevt,  Imtnncef 
a  Weight  of  SUO  lb*,  on  tbe  axle  ;  what  i«  tbe  diutneter  of  tbe  aite,  tbe  ihickneaa 
«f  lb*  rope  00  the  wheel  being  una  Inch^  and  that  uf  the  rape  on  ibe  iLsle  Iwo 
liiehea  T 
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59.  A  weight  of  2240  lbs.  is  saatained  by  a  rope  of  2  inehoa  in  diameter,  going 
round  an  axle  4  inches  in  diameter;  what  weight  most  be  suspended  at  the  eir- 
cnmforence  of  a  wheel — radius  6  feet— by  a  rope  of  the  same  thickness,  to  obtain 
equilibrium  ? 

60.  In  a  combination  of  wheels  and  axles  there  are  given  the  radii  of  the 
wheels,  20,  26,  and  48  inches,  and  the  radii  of  the  pinions  and  axle,  4,  5,  and  8 
inches.  If  a  power  of  1  cwt  bo  applied  to  the  circumference  of  the  first  wheel, 
what  weight  will  it  be  able  to  sustain  at  the  circumference  of  the  axle,  or  last 
shaft? 

61.  The  number  of  teeth  in  each  of  three  successive  wheels  is  144,  and  the 
number  of  teeth  in  each  of  the  axles  or  pinions  is  6 ;  what  weight  will  this  ma- 
chine support  on  the  last  shaft  with  a  power  of  2  owt  on  the  first  wheel  ? 

The  Pulley. 

62.  In  a  system  of  pulleys,  such  as  is  shown  in  fig.  76,  the  number  of  mov- 
able pulleys  being  6 ;  required  the  weight,  the  power  being  500  lbs.,  and  the 
weight  of  the  movable  block  and  pulleys  being  30  lbs. 

63.  What  power  at  P,  fig.  77,  will  be  required  to  balance  a  weight,  W,  of  3 
tons,  the  number  and  arrangement  of  the  pulleys  being  as  shown  in  the  figure? 

Inclined  Plane. 

64.  What  power  acting  as  in  fig.  79,  will  balance  a  weight  of  300  lbs.  on  the 
inclined  plane,  the  length  of  the  plane  being  25  feet,  and  the  vertical  height 
five  feet  ? 

65.  On  an  inclined  plane,  whose  base  is  10  feet  and  height  3  feet,  what  power 
acting  parallel  to  the  ba^e  will  balance  a  weight  of  2  tons? 

G6.  Wbnt  power  is  required  to  draw  a  train  of  cars,  weighing  40  tons,  up  a 
railway  grade  rising  1  foot  in  every  100  feet  ? 

The  Screw. 

67.  What  weight  can  be  raised  by  means  of  a  screw  having  its  threads  one 
inch  apart,  by  a  power  of  150  lbs.  acting  at  a  distance  of  6  feet  from  the  axis 
of  the  pcrcw  ? 

68.  Supposing  one-third  of  the  power  is  lost  in  overcoming  the  friction  of 
the  screw,  what  power  will  be  required,  acting  3  feet  from  the  axis  of  the  screw, 
to  rais<c  3  tons,  the  threads  of  the  screw  being  2  inches  apart  ? 

69.  What  power  at  the  winch  D,  fig.  86,  is  required  to  raise  a  weight  of  2  tons 
at  Q,  if  tbe  radios  of  the  axle  is  6  inches,  the  radius  of  the  wheel  3  feet,  the 
distance  between  the  threads  of  the  screw  .^^^^^  part  of  the  circumference  of  the 
wheel,  and  the  length  of  the  winch  D  B  =  2  feet  ? 

Resistance. 

70.  If  a  maes  of  iron  weighing  5  tons  slides  upon  iron  rails,  what  force  is 
required  to  start  it,  and  how  much  t^  kecj)  it  moving  afterwards  ? 

71.  If  a  t«team  vessel  of  1000  tons  is  moved  through  the  water  at  10  miles  an 
hour,  by  an  engine  of  300  horjc-powcr,  what  is  the  power  of  an  engine  required 
to  propt'l  another  vc!«s«cl,  of  the  same  model,  of  2000  tons  at  the  same  8pccd  ? 

72.  If  a  ball,  6  inches  in  diameter,  is  discharged  from  a  cannon  at  the 
rate  of  one  mile  in  7  seconds,  how  much  greater  force  would  be  required  to 
throw  a  ball  of  double  the  weight  with  the  same  velocity,  taking  into  account 
the  resifltance  of  the  air  and  the  dimensions  of  the  balls  ? 

73.  If  an  engine  of  500  horse-power  propels  a  vessel  of  1500  tons  12  miles  an 
hour,  at  what  velocity  will  an  engine  of  600  horse-power  propel  a  vessel  of  2000 
(ouN,  l>uilt  on  the  same  model  as  the  preceding? 


PART  SECOND. 


THE  THREE  STATES  OF  MATTER. 


CHAPTER  1. 

MOLECULAR  FORCES. 

146.  Coheaion  and  Repalaion. — The  three  states  of  matter  (15) — 
the  solid,  liquid,  and  gaseous — exist,  as  is  assumed,  in  virtue  of  cer- 
tain forces  inherent  in  the  particles  of  matter,  and  called  molecular 
forcts.  These  forces  are  either  attractive  or  repuhhe,  drawing  the  par- 
ticles of  bodies  toward  each  other,  or  tending  to  separate  them.  In 
solids  the  attractive  force  greatly  overpowers  the  repulsive,  and  the 
particles  of  matter  become  therefore  relatively  fixed  at  certain  distances 
from  each  other — not  being  in  actual  contact,  but  having,  as  we  have 
9een  (23),  numerous  pores  between  them.  Heat  may  enlarge  and  cold 
diminish  these  pores,  and  with  them  the  sensible  magnitude  of  the 
solid  ;  but  the  integral  particles  of  the  solid  cannot  be  separated  with- 
out the  exercise  of  some  exterior  and  greater  force.  "When  the  par- 
ticles of  a  body  are  not  separated  too  far,  they  return  again,  upon 
the  withdrawal  of  the  constraining  force,  to  their  original  position 
(Elasticity).  This  species  of  attraction  existing  between  particles  of 
the  same  kind  is  distinguished  by  the  term  cohesion^  and  when  existing 
between  particles  of  an  unlike  kind,  it  is  called  adhesion. 

RepalBion. — If  wo  admit,  as  the  phenomena  of  porosity  demand 
(23),  that  in  spite  of  cohesive  attraction,  the  particles  of  bodies  do  not 
actually  touch  each  other,  it  follows  that  there  must  exist  in  the  raole> 
cules  of  matter  a  seoond  and  counterbalancing  force  opposed  to  cohesion, 
12*  (109) 
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and — in  solids — in  equilibrium  with  it.  This  force  is  called  rqnilsi&n. 
We  shall  presently  revert  to  the  evidence  of  its  action  on  matter. 

While  the  existence  of  these  two  molecular  forces  is  in  many  cases 
capable  of  direct  proof,  the  exact  mode  of  their  action  is  chiefly  conjec- 
tural. It  is,  however,  certain  that  the  attractive  forces  act  only  at  insen- 
sible distances.  In  this  respect  the  molecular  forces  are  to  be  distin- 
guished from  gravitation,which  acts  at  all  distances.  Chemical  attraction 
is  also  distinguished  from  the  mechanical  forces  of  cohesion  and  adhesion, 
by  the  important  fact  that  its  exercise  is  invariably  attended  by  the 
loss  of  specific  identity  (7),  and,  of  course,  by  the  substitution  of  new 
qualities  in  the  compound  for  those  characteristic  of  its  constituents. 

Since  the  force  of  gravity  is  proportional  to  the  mass,  and  inversely  aa 
the  distance,  if  cohesion  wore  merely  the  attraction  of  gravitation  acting  at 
insensible  distances,  the  particles  of  a  body  situated  at  the  centre  of  grarity  of 
a  large  mass,  shonld  cohere  more  strongly  than  particles  at  a  distance  from  the 
centre  of  gravity,  or  than  the  same  particles  when  the  mass  is  reduced  to  frag- 
ments, bat  no  such  difference  has  been  observed,  we  must  therefore  conclude 
that  gravity  and  cohesive  attraction  are  essentially  different  forces. 

147.  Examples  of  oohesion  among  solids. — Cohesion,  when  once 
destroyed  by  mechanical  violence,  is  not  usually  brought  into  exercise 
again  by  mere  contact  of  the  separated  particles.  Thus  the  broken 
fragments  of  a  glass  vessel,  or  of  a  stone,  do  not  reunite  at  ordinary 
temperatures.  Two  hemispheres  of  tarnished  lead  will  not  adhere  by 
their  flat  surfaces  by  mere  pres-  92 
sure,  but  if  the  coating  of  oxyd  is 
first  removed  by  a  sharp  knife, 
and  the  two  clean  surfaces  are 
then  pressed  together,  with  a 
slight  wrenching  motion,  they 
will  cohere  strongly.  Arranged 
as  in  fig.  92,  two  surfaces  one 
inch  in  diameter  will  sustain  ten 
pounds  or  more.  This  is  only 
an  example  of  welding  at  com- 
mon temperatures,  a  process  suffi- 
ciently familiar  in  hot  iron.  Wax, 
dough,  india  rubber,  and  other 
similar  substances,  offer  examples 
of  a  like  nature,  provided  clean 
surfaces  be  pressed  together. 
Dust,  or  other  foreign  bodies, 
prevent  this  union.  Even  polished  gloss  plates,  allowed  to  remain  long 
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if  perfectly  cleiio,  wiJ  tinder  pressure,  have  been  Itpowii  to 
•o  Mron^Iy  as  to  nepumto  bj  friiclure  in  nnj  ctthor  direutiuti 
iCT  than  m  tlio  line  of  jutictiun.  Bcij\e  demonstrated  that  tbis  fact 
if  nat  a«5cniiiii»cd  fir  by  fttlri  Luting  tliu  tielioii  to  (itmoajiberic!  pressure. 
Hf  ■tia|>i;nil«l  n  pair  of  adhcstun  plutca  id  the  ?acumn  uf  Rn  air-jniinp, 
»beft!«,  itj  tiic  absence  of  fttinoHpUeric  pressuro,  it  required  stttl  a  eon- 
«dcrabl<!  weight  Uj  detm*h  the  surfaces. 
Adktsiofi  is  difh'ngiiiaheil  from  cohesion  by  the  fact  that  irliUe  tlie 
r  occurs  between  particles  of  it  like  kind,  producing  humogenetms 
the  ftiToier  takes  place  between  yta  nicies  of  unlike  kin  da,  pro 
da^iitg  heterogeneous  Ijodiea.  Glue  Inndin;;  together  pieced  of  wood  is 
tn  example  of  adlicsion,  Thia  fpeeies  of  uiechuuieal  attraetion  ia, 
hiitret&T,  seen  in  it«  most  imyKtrtaiii  reljitiuns  in  the  carioas  pLienoiueiia 
uf  tsupiliiurity,  to  be  dbcussed  hereafter. 

The  terras  cobeeion  and  adheaion  are  ofleo  ujsed  iaterctiangenbly, 
4ftd*  wbcD  the  distinctioDs  here  pointed  aut  are  borne  in  mimi,  no  evil 
m\\  9nm  from  thm  use  of  terms. 

Tho  force  of  oohe^ion  among  the  pnrtlcles  of  sobdA,  when  exerted, 
mAer  faforabld  conditi'ms^  produces  tbe  regubir  forms  of  crystals,  id 
whieh  we  shoU  presenlly  revert. 

lis,  Cobe«ion  In  liqaida  and  betweea  Liquid  gaaen  and 
solidji. — >The  fitrce  of  ouIieHion  in  Itquids  give.<4  tire  aphertcal  furni  to 
drops  of  ruiri  Jind  dew,  and  rtmnds  tbe  drop  of  water  Bunpeudod  from 
the  etitl  c»f  ^  glaxn  nxL  If  two  drops  of  water  or  tiny  other  li'|tiid 
•pproiftch  etttch  other  nenr  enough,  they  unite  to  form  a  larger  Bpherieul 
tlrvp.  A  eoop-bubble  is  only  a  large  hollow  sphere  of  water,  wbone 
iNrter  film  of  liquid  asaumes  and  profierTesa  its  spherical  form  in  virtue 
of  eohesire  attraction  and  the  laws  of  lif^iutd  equi- 
libriom.  The  eoAp,  while  it  adds  to  the  rieeous  con- 
ditioa  of  the  water,  really  dtminiRbes  its  coheaire 
foree,  at  wa*  shown  by  Prof,  Henry.  The  force  of 
fobisioD  in  water  may  be  directly  measured  by  iu»- 
irandiiTj^  a  cuintc^rpoined  disk  of  glass  or  metul  from 
a  ka]<*  p&n,  fig.  02*  a^ljuAted  to  allow  the  disk  just  to 
touch  ihc  Hurfaee  of  the  Wttt<?r.  The  weight  required  ~'=z--==^^—' 
\h  Uva  opposite  pan,  to  Keparcite  the  di»k  from  the  winter,  tlien  becomes 
the  mnoflure  of  oohcwion  amgtig  the  particles  of  water  forming  the  outer 
circle  of  contuet. 

By  thi»  nnmo«  (Jiir  Luwstic  Hiund  that  a  diisk  of  4  302  irn'Hei  in 
le.tcr  r<*'||tiircil  082  graiftn  to  sepanite  it  from  water,  while  fnim 
(il  {den»tty  0810)  and  npirit**  of  turpentine,  47M'83  and  525 
«,  resfietJtively,  pradueed  ntparaiian  ;  all  being  at  the  temperature 
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of  46^  Fahr.  The  thickness  and  material  of  the  disk  made  no  difference 
in  the  result,  showing  that  the  force  of  cohesion  was  the  only  force  to 
be  overcome,  and  that  this  force  was  exerted  at  a  distance  less  than  the 
thickness  of  the  film  of  liquid  necessary  to  moisten  the  surface  of  the 
disk.  It  is  also  evident  that  the  weights  obtained  do  not  represent  the 
whole  cohesive  force  in  each  case,  since,  from  the  circumstances  of  the 
trial,  it  can  be  only  the  outer  circle  of  particles  whose  cohesion  is  over- 
come, and  this  being  the  largest  circle,  each  succeeding  row  or. line 
of  particles  yields  readily  to  the  same  force. 

Between  liquids  and  solids  the  force  of  adhesion  is  modified  by  the 
phenomena  of  capillarity  and  surface  attraction. 

Between  gases  and  solids  cohesion  is  seen  to  exist  when  we 
attempt  to  wet  the  polished  surface  of  a  steel  blade,  or  a  clean  surface 
of  glass,  with  water.  The  liquid  fails  to  wet  the  polished  surface  of  the 
metal,  &c.,  owing  to  the  film  of  air  adhering  to  it,  due  to  the  attraction 
of  the  solid  for  the  fur.  If  the  blade  is  slightly  heated,  or  its  surface 
is  roughened  mechanically  or  by  acids,  this  film  of  air  is  removed,  and 
the  blade  is  then  wetted.    (See  Smee's  battery :  Electricity.) 

Gases  do  not  manifest  cohesion  among  themselves,  because  the  repul- 
sive force  overcomes  it,  but  numerous  examples  of  its  exercise  may  be 
quoted  besides  that  just  named.  The  bubbles  of  gas  escaping  from 
aerated  water  adhere  to  the  sides  of  a  glass  vessel  from  this  cause. 
But  above  all  is  this  seen  in  the  power  of  recently  ignited  charcoal  to  ab- 
sorb and  retain  gases.  Owing  to  its  numerous  sensible  pores,  charcoal 
presents  a  very  large  surface  in  a  small  space.  The  more  compact  the 
wood  the  more  numerous  are  these  pores,  and  the  more  remarkable  the 
consequent  absorption  of  gas.  Different  gases  arc  also  very  differently 
abnorbed  by  it,  depending  on  their  condensibility  and  solubility.  Thus, 
while  only  four  or  five  volumes  of  common  air  are  absorbed  by  charcoal, 
thirty  volumes  of  carbonic  acid,  and  eighty  or  ninety  volumes  of  am- 
monia or  chlorohydric  acid  gas,  are  absorbed  by  charcoal  recently 
ignited.  This  curious  and  important  property  is  easily  illustrated  over 
the  mercurial  trough,  by  using  glass  cylinders,  filled  with  the  various 
gases,  to  cover  bits  of  charcoal  placed  on  the  mercury — the  absorption 
commencing  at  once  and  advancing  gradually  for  some  hours. 

We  will  consider  the  action  of  molecular  forces,  ^r«<,  between  mole- 
cules of  the  same  kind,  and,  second^  when  acting  between  molecules  of 
unlike  kinds,  to  which  are  referred  the  phenomena  of  capillarity. 


paOPfiRTIES  OF  60LID19. 
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CHAPTER  11. 

OF  SOLIDS. 

Mt^KCgum  roRCKS  actino  between  pahticles  of  iake  KtJans, 

S  L  Properties  of  Solida. 

140,  Tlie  cbaracterietic  propertiea  of  aolids,  now  tu  be  con- 
I  arc,  I.  OryataJUne  Form  ;  2.  ElaatiLutj  i  3.  Resistance  to  Trm- 
(ioduillni;  8tretigth  of  Materials)  i  4.  Ilardiieaa,  and  5.  TWee 
ptOfMtrtie«  *iepcnd<!iiit  on  a  pernianent  chaoge  in  the  arrangciucnt  of  the 
Iiin1<*culc!4 — an  DuctirUy,  MiilJeabllity,  Temper,  A^. 
i^U,  StnaiCtore  of  solids, — In  aolids  the  ptiruulcs  of  mutter  Rre 
fit«d  relntitxi  t^^  each  otlier  by  the  molecular  fyrces  (140).  The 
di»po¥Hian  of  the  molecules,  or  of  their  groups,  conatitutea  what 
h  milvid  strucinre  m  &olida.  This  atructurc  nmj  bo  either  sffmmctrkat 
or  rtgtdctrt  an  in  liring  beinj^  and  crjstah,  or  amorphouit,  as  m  most 
locks  luid  mtinj  other  eubstuuceH. 

There  exists  in  nature  a  ptao,  whiuh  cannot  be  mistaken,  to  combine 
niitter  in  compile  and  ejmniotrioal  whubs.  The  bodiev^  of  aniaiala 
QCN]iti»l«  QBaalij,  of  two  c<|uii1,  (t>r  ni?ar1y  equal),  and  similar  »ets  of  11  tubs 
organs,  one  on  the  ri^ht  and  one  on  the  left  aide.  The  organs  of 
floirerlng  plants  are  similarly  and  regularly  arrnnged  in  w  bur  tea  of 
in«iiibifr«,  •»  in  the  lily,  or  of  ^/fce,  as  in  tlio  ro^e,  or  in  ftoiae  other 
niin^ild  nurobefs,  And  the  aame  law  is  beaiitifutly  i^xc-niptified  in  the 
srmogcm^tit  of  tht*  lonveii  itrid  bmnclt«s  itf  alt  j^KuitK  utid  tru(<ti  (;f^iy//o- 
(djfy).  In  the  anlinal  and  vegeliilile  world,  the  laws  which  dlrei't  tho 
g«t)«>n  of  matter  arc  thftse  of  Vitautv,  and  it  is  observed  that 
of  Ihc  furitiB  thus  produced  ar«  bounded  by  curved  linea  and 

n  the  inorganic  or  lifeless  world  different  laws  arc  in  force,  and  in 
tlte  prodiictttm  of  solida  the  atoms,  under  favorable  cirt^umstanccj^^ 
arra>i|!;f>  themsclre»  in  forma  which  are  angular  and  bounded  by  plane 
•orfju'M.  The*  pctimctri<?al  forms  thus  produced  are  analogous  to  the 
mnre  cuaipliL'uted  reKulls  uf  vitality  as  seen  in  animal  and  vegetable  life. 
Thtt*^  f*»nti5*  arc  called  rav^TJiLS,  and  the  laws  governing  the  aggrc^a- 
liun  of  mutter  int«  uucU  farms,  are  called  f/«        of  crysfaWmiion, 

When  solids  are  forined  in  a  manner  unfavorable  to  the  regular 
iciion  uf  tlii9  maleeular  &»rces,  the  regular  forms  of  cry  a  tab  are  not 
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produced,  but  a  mass  which  has  perhaps  some  tmcea  of  GrystalliDe 
structure  [aa  in  marble),  or  which  In  entirely  aiin>rphou3(152),  according 
as  tlic  iict  of  *<*lidifieatioii  htLs  been  more  or  less  disturbed.  Thus,  m 
granite  we  Oftsily  detect  the  crystalline  structure  of  aome  of  the  cou- 
etitueutA  close ly  ag^gftted,  while'  in  ektes  and  manj  me^sbaoical 
r<>cks  no  traces  of  crystalline  structure  can  bo  seen, 

I  2,  Cryatallograpliy. 

151.  OoDditioiu  of  ctyetalUaation.^-Ia  order  that  crystals  may 
furm,  it  la  a  necetssary  condition  that  the  inokcules  of  the  body  to  h& 
crystaUiKcd  should  have  freedom  of  motion  among  themselves,  and 
ample  time  to  arrange  themselves  in  accordance  with  the  force  of  crys- 
tallogenic  attractioD.  Thcfae  condiilons  may  be  met  in  either  of  the 
folbwing  methods:  I.  By  solution;  2,  By  fusion;  3.  By  sublimation 
or  e¥aporation  ;  or,  4,  By  electrical  or  chemical  decompotsition. 

(a)  Bif  solution, — Maoy  solids  dissolve  in  water ;  thus  most  salts,  as 
ootnmon  salt,  Epsom  salts,  saltpetre,  borax,  alum,  &c.,  form  a  clear 
solutioti  in  water,  in  which  all  crystalline  attractions  are  subordinated, 
until  by  gradual  evaporation,  or  by  cooling  from  a  saturated  hot  solu- 
tion, the  Hcveral  salts  reappear,  each  in  its  own  appropriate  form. 
Sulphur  and  phosphorus  also,  dissolved  by  heat  in  bisulphid  of  carbon, 
crystallize  by  the  cooling  of  the  solution.  Some  substances  are  equally 
soluble  in  cold  or  in  hot  water,  and  crystals  are  obtained  from  their 
solutions  only  by  evaporation,  with  or  without  the  aid  of  heat. 

Cummob  s«U  is  an  vxunpk  of  (such  a  Huhstaa^tf  ;  trben 
eTDporated  very  geptlj-,  a»  itj  aolar  bent,  p«rfeet  cuhca 
are  formed;  if  mpidlj,  as  bj  fire,  a  ronfudi'd  ma^e  of 
Irrcgulikr  t^rjaULltLiie  grata j  result.  Somi*t.Lmda  ibti  Qaat- 
ing  erjitaJ*,  m  they  grow  in  weight  cdnUnimlly,  but 
elowly,  sink,  giving  rise  to  the  curious  b upper- &k aped 
forms  sma  ia  Sg.  93. 

Alumma  dissolves  id  melted  boracic  acid,  and  the  solution,  exposed 
for  a  time  to  the  highest  heat  of  a  porcelain  furnace,  loses  the  boracto 
acid  F^Kiwly  by  eva[K>ration,  and  the  alumina  crystallizes  as  rubies  or 
sapphires.  Alany  other  gems  have  thus  been  obtftlned,  of  inicroscopio 
sixe,  by  M.  Ebleman,  by  solution  in  borBcie  or  phosphoric  acids,  or 
their  salts,  at  a  high  heat. 

{b)  /infusion.— hj  melting  suJphur,  bismuth,  aud  miuiy  other  sub- 
Htances,  in  crucibles,  and  all  owing  tlieni  to  cool  very  slowly ;  when  ft 
crust  has  formed  on  the  surface  it  is  pierced,  and  the  contents  remain* 
ing  6yid  are  turned  out,  the  interior  cavity  is  found  lined  with  eryetaU 
of  the  substance  experimented  on. 

(c)  By  3ubUmQ(ioth — By  heat  many  substancea  rise  in  vapor,  and  on 
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cooliDg  again,  in  a  proper  receptacle,  assume  their  appropriate  crystal- 
line forms — camphor,  sulphur,  arsenious  acid,  iodine,  arsenic,  sal-am- 
moniac, &c.,  can  be  thus  crystallized. 

(d)  By  electrical  or  chemical  deccmpoaition. — By  adding  to  a  solution 
of  some  substances  some  other  dissolved  body,  which  causes  the  first 
to  become  insoluble,  a  crystalline  powder  often  falls  (this  is  true  in 
most  cases  of  pradpilaiion)^  due  to  the  formation  of  a  new  compound, 
of  a  less  solubility  than  either  of  the  substances  employed.  The  crystals 
of  metals,  «.  g.  of  copper,  gold,  silver,  &c.,  are  easily  formed  by  the 
processes  of  electro-metallurgy. 

152.  Axnorphism. — Amorphism  is  that  state  of  a  solid  in  which 
there  is  no  trace  of  a  crystalline  structure ;  examples  of  such  a  state 
are  seen  in  common  glass,  gun-flint,  wax,  obsidian,  sugar-candy,  &c. 
An  amorphous  body,  having  no  planes  of  cleavage,  is  broken  in  one 
direction  as  easily  as  in  another.  Bodies  are  generally  more  soluble, 
less  hard  and  dense,  in  the  amorphous  than  in  the  crystalline  state. 

An  amorphous  body  may  be  produced  in  a  number  of  ways ;  for 
example,  by  fusion,  as  in  the  case  of  glass ;  by  evaporation  of  solu- 
tions, as  those  of  the  gums  and  glue  in  water ;  and  by  precipitation 
from  their  solutions,  as  is  the  case  with  alumina  and  phosphate  of  lime. 

The  property  of  toqghness,  seen,  as  for  example,  in  emery  (unorphoni  eomn- 
dam),  and  horn-stone  (amorphous  qnarU),  is  much  moro  highly  developed  in 
the  amorphous  than  in  the  crystalline  rarietios  of  these  minerals. 

153.  Crystalline  forma.  Definitions. — The  crystalline  forms 
assumed  by  the  same  substance  are,  with  certain  limitations,  always 
the  same ;  depending  on  the  nature  of  the  substance,  and  arc  therefore 
essential  forms.  The  study  of  these  forms  and  the  laws  of  crystallogeny, 
reveal  to  us  all  that  we  know  of  the  ultimate  forms  of  matter. 

A  crystal  is  a  polyhedron,  and  the  terms  of  solid  geometry  are  used 
in  crystallography  without  change. 

94  Replacement. — An  edge  or  angle  is  94* 

^  replaced  when  cut  off  by  one  or  more 

<^  t  secondary  planes.   Fig.  94,  i ». 

~\/\  Truncation. — An  edge  or  angle  is 
0     ^  y   truncated  when  the  replacing  plane  is 
\\ — r-LJ^  equally  inclined  to  the  adjacent  faces. 
^"^--^  Fig.  94. 
Becdment. — An  edge  is  beveled  when  replaced  by  two  planes  which 
are  respectively  inclined  at  equal  angles  to  the  adjacent  faces  t2  t2,  fig. 
94*.   Truncation  and  bevelment  can  only  occur  on  edges  formed  by  the 
meeting  of  equal  planes. 
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The  axes  of  a  crystal  are  inmginary  lines  paBsing  through  its  centre, 
and  about  which  two  or  more  faces  are  symmetrically  arranged.  They 
connect  either  the  centres  of  opposite  faces,  fig.  95,  or  edges,  fig.  96,  or 
the  apices  of  opposite  solid  angles,  fig.  97,  or  of  both  edges  and  angles, 
fig.  98. 
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Three  axes  are  employed  for  the  different  systems  in  crystallography 
(excepting  the  sixth,  fig.  114),  whose  length  may  be  equal,  or  only  two 
alike,  or  cdl  unequal ;  they  may  also  be  at  right  angles  to  each  other,  or 
oblique. 

A  prism  is  a  column  having  any  number  of  sides.  In  crystal- 
lography we  have  four  and  six-sided  prisms,  which  may  be  either  right 
prisms,  that  is,  erect ;  or  oblique  prisms,  that  is,  inclined. 

Four-sided  prisms  occur  of  a  number  of  kinds ;  their  bases  may  be 
either  square,  rectangular,  rhombic,  or  rhomboidal.  If  the  base  is  a 
square,  or  a  rectangle,  and  the  prism  erect,  the  eight  solid  angles  are 
equal  and  rectangular;  the  edges  are  twelve,  and  may  vary;  for 
example, 

A  cube  is  bounded  by  six  equal  sides  (the  lateral  sides  being  equal 
to  the  bases),  and  the  twelve  edges  are  all  equal,  fig.  95. 
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A  right  square  prism ^  fig.  99,  has  a  square  base  and  a  height  which 
may  be  either  greater  or  less  than  its  breadth ;  its  sides  are  equal 
rectangles,  the  eight  basal  edges  (four  at  each  base)  are  equal  to  each 
other,  but  differ  from  the  four  lateral  edges. 

A  right  rectangular  prism^  fig.  100,  has  a  rectangular  base,  and  sides 
also  rectangular,  the  opposites  only  equal ;  two  edges  at  each  base  dif- 
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fn  from  the  other  two,  while  tbe  lateral  edges  are  abo  difi'erent;  henee 
thew  WW  three  gtf*  of  edgea,  four  in  each  set. 
The  ba3»e  nmj  ulwj  be  a  rhomb  or  rhomboid. 

A  fit/hi  rh^mlxic  prum,  fij*,  101,  has  a  varying  height  and  ft  rhomb m 
\m».  It*  plftoe  angles  lire  two  obtuse  And  two  acute,  with  corre^p>tnt- 
ing  Bolid  tm^les  and  lateral  edges  ;  the  four  lateral  faces  a>re  rectangles^ 
liid,  Uke  ihe  bfunal  cdgesp  ore  equal. 

l«l  102  103 


jln  Mqtif  rhombic  prism,  figa,  102,  103  (fig.  102  a  front  view,  und 
Ag.  103  A  aide  Tiew)  ;  ba«  a  rhombic  base  and  a  varying  hei^rht,  the 
liiefal  fjuiefl  are  rhomWids.  The  lateral  cdge^i  like  the  btu^nl  edges, 
bare  two  aeuie  and  two  obtufte  angks.  When  the  lieight  is  equal  to 
llic  bread  til  the  form  ia  ; — ' 

A  rkombohedron,  fig.  9S,  composed  of  sii  cqunl  rhomhic  faceH^ 

A  right  rkomboitlid  prism  ha»  a  rhomUiidal  base  and  ft  varying 
hdghl,  on) J  the  two  opfioBitc  Bidc!!  and  anglea  are  equal,  the  lateral 
netAOgaliir  fjtees  eerresiKind  to  the  busiil  cilges ;  tbe  oppottltea  ouly  are 
tquaL    Tills  fijrra  is  nlmilar  to  fij^.  lOL 

An  obiitpii  rhfymhnidol  prum,  fig.  lO-l,  has  a  rbomhoidal  hose  and  a 
tmryiog  hmght.  The  lateral  faoea  are  rhomboids.  Tlie  edges  of  each 
IdMe  are  fcKir  kinds  ;  for  two  oj^postle  are  bmgcr  than  the  other  two, 
and  of  eaeh  pair,  one  is  obtuse  and  the  other  acute.  In  this  solid, 
tbefeTore,  tmljr  diagonally  opposUe  edges  arc  n'milar.,  and  only  opposite 
lolld  ftngteii  are  equal. 
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m  Jktm^ncd  prum,  fig.  105,  is  nn  erect  sU-ttided  prism* 
oetahedr&n  has  eight  triangular  faces  ;  ita  form  is  like  two  four 
ridtd  pyramtdA  united  ba^e  to  base.    Three  octahedrons  ore  described. 
13 
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The  regular  octahedron,  fig.  106,  has  a  square  base  and  eigbt  faces, 
equilateral  triangles ;  its  solid  angles  are  six,  and  equal,  as  also  are  its 
twelve  edges.  The  plane  angles  are  60**,  the  interfacial  angles  are 
109°  28'  16^' ;  this  solid  is  symmetrical,  like  the  cube. 

Tlu  right  square  octahedron,  fig.  107,  has  a  square  base,  but  a  verti« 
cal  height,  greater  or  less  than  in  the  regular  octahedron.  Its  faces 
are  equal  isosceles  triangles.  Its  basal  edges  are  equal  and  similar, 
but  they  dificr  in  length  from  the  eight  equal  pyramidal  edges.  The 
vertical  solid  angles  differ  from  the  basal. 

The  right  rhombic  octahedron,  fig.  108,  has  a  rhombic  base  and  a 
varying  height;  its  faces  are  equal  triangles;  the  basal  edges  are 
equal ;  the  plane  angles  of  the  base  and  the  pyramidal  edges  are  of 
two  kinds,  two  obtuse  and  two  acute. 
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The  rhombic  dodecahedron,  fig.  109,  is  bounded  by  twelve  equal 
rhombs ;  it  has  twenty-four  similar  edges,  and  fourteen  solid  angles ; 
they  arc  of  two  kinds :  Eight  obtuse,  formed  by  the  meeting  of  three 
obtuse  plane  angles,  and  six  acute,  formed  by  the  meeting  of  four  acute 
plane  angles. 

154.  Systems  of  crystals. — There  are  six  systems  of  axes,  pro- 
ducing the  same  number  of  systems  of  crystalline  forms,  by  the  sym- 
metrical arrangement  of  planes  about  these  axes.  They  are  called  the 
monomctric,  dimetric,  trimetric,  monoclinic,  triclinic,  and  hexagonal 
systems. 

(a)  The  monomeiric  system  (from  monos,  one,  and  metron,  measure), 
includes  the  cube,  fig.  95,  the  regular  octahedron,  fig.  106,  and  rhombic 
dodecahedron,  fig.  109,    Each  of  these  forma  is  perfectly  symmetrical. 


Note.— In  studying  this  subject,  the  pupil  will  find  it  of  the  grcategt  Msist- 
ance  to  lii.s  ca^y  comprehension  of  the  forms  mentioned,  to  produce  them  with 
a  knife,  from  some  soft  substance  like  a  turnip  or  a  potato,  which  are  moro 
easily  managed  than  chalk  or  wood,  and  neater  than  clay.  Beta  of  crystalline 
forms  and  cards,  with  the  outlines  of  the  Tarious  forms  prepared  for  cutting 
up,  are  furnished  cheaply  by  the  GormaD  chemical  dealers,  for  the  uie  of 
schools. 
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f  •qual  in  height,  length,  and  breadth.  Their  aics  are  three  iq 
ftumiher,  of  equnl  leiigtli,  and  ut  tight  angtes  to  each  other.  In  the 
mibo,  iha  axes  coooect  the  centres  of  opposite  faues,  in  the  octahedron^ 
Ibe  »t»icej»  of  oppoaite  solid  angles,  and  m  the  dodecahedroD,  the  apices 
of  opposite  acuto  soYid  angtes.  The  relation  of  the  axes  in  these  aglidi 
to  tmch  other,  luaj  be  understood  b;^  deriving  one  form  from  the  other, 
if  in  the  cnhe  (its  faces  are  indicated  by  o)  we  truncate  ef^ch  of  its 
eight  mjlid  angles!,  fig.  110  is  first  produced,  and  &s  th&  trunciUton  pro^ 
ceeds,  fig.  llli  atjud  finallj  a  perfect  octahedron.  It  will  be  noticed  that 
tlift  eeiitrcif  of  tb«  ends  of  the  axes  in  the  cube,  correspond  to  the 
m^hem  of  the  aolid  angles  ia  the  oclahedron,  which  ar«  also  llie  ends 
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{b]  The  dimdric  t^fttem  (from  dtj,  two-fald,  and  mciron, 
inelildes  the  square  prism,  fig.  99,  and  square  octa- 
lMdroti«  fig.  107»  hearing  the  sauie  relation  to  each  other 
w  the  cube  docs  to  the  regular  octaliedron.  In  this 
Ajstem  there  are  three  axes,  all  at  right  angles  to  each 
olhtt,  but  only  the  two  lateral  are  er|uah  the  tiiird,  or 
Tert^cal  axis,  being  of  vurying  length.  In  the  prisra, 
thfl  Axef  connect  the  centres  of  opposite  faces,  in  the 
octab^rOD  the  apices  of  opposite  solid  angles.  If  a  square  prism 
has  aach  of  its  solid  angles  truncated^  we  shall  hare  first,  fig^  112,  and* 
ftaallj,  the  sqaare  octahedron  ia  produced. 

(c)  Tks  tfimiine  tysUm  (froni  trit,  three-fold,  and  meiron^  measure), 
iocludca  the  rect&ngalar  prtsin.  fi^,  100,  the  rhombic  prism,^  fig.  lOi, 
aod  the  rhombic  octahedron,  fig.  108.  Each  of  these  forms  has  its 
thfeo  iucea  at  right  anglcis  to  each  other,  and  all  are  unequal  in  length. 
In  a  r««lmiigal4tr  prism  (the  base  &  rectangle),  the  axes  connect  the 
otairea  of  oppocite  faces.  In  the  rhombic  prism  (base  a  rhomb),  tlie 
asia  connects  the  centres  of  the  bases,  the  two  lateral  axes  con- 
lha  eentrsi  of  opposite  edges.  In  the  rhombic  octahedron  (basi» 
a  rhumb)  the  axes  connect  the  apices  of  opposite  solid  angles, 
(rf)  The  monoclitiit  9ysf^  (fn>m  ntofim,  (me,  and  kUno,  to  IncUoe), 
udes  tho  right  rhombuidal  pri«m,  flg.  101,  and  the  oblique  rhombic 
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prism,  fig.  102.  In  ibis  system  the  three  axes  are  aneqaal,  the  two 
lateral  axes  are  at  right  angles  with  one  another,  the  vertical  is  inclined 
to  one  of  the  lateral  axes  and  at  right  angles  with 
the  other.  In  the  right  rbomboidal  prism  the  axes 
connect  the  centres  of  opposite  faces.  In  the  oblique 
rhombic  prism  the  vertical  axis  connects  the  centres 
of  the  bases,  and  the  two  lateral  axes,  the  centres  of 
opposite  lateral  edges.  The  truncation  of  the  lateral 
edges  of  one  prism  finally  produces  the  other.  The 
relation  of  these  prisms  to  each  other  is  seen  in  fig.  103. 

(«)  The  iriclinic  system  (from  iris,  three,  and  klinOf  to  incline), 
includes  the  oblique  rhomboidal  prism,  fig.  104.  All  the  axes  are  un- 
equal and  oblique,  the  vertical  axis  connects  the  centres  of  the  bases  *, 
the  lateral  axes  connect  the  centres  of  the  lateral  edges. 

(/)  The  hexagonal  system  includes  the  hexagonal 
prism,  fig.  105,  and  rhombohedron,  fig.  114.  In  the 
hexagonal  prism,  fig.  105,  the  vertical  axis  connects 
the  centres  of  the  bases,  the  three  lateral  axes  connect 
the  centres  of  opposite  lateral  faces  or  edges,  and  cross 
each  other  at  an  angle  of  C0%  at  right  angles  to  the 
vertical  axis. 

In  tho  rhombohedron,  two  diagonally  opposite  solid  angles  consist  of  thre« 
equal  obtuso  or  throe  equal  acute  plane  angles ;  the  diagonal  connecting  these 
solid  angles  is  called  tho  vertical  axis  j  placed  with  this  axis  in  a  vertical  posi- 
tion, the  rhombohedron  is  said  to  be  in  position,  and  looking  from  above,  it 
will  be  noticed  that  the  lateral  edges  are  at  an  equal  distance  from  the  vertical 
axis ;  the  three  lateral  axes  connect  the  centres  of  the  lateral  edges  intersecting 
each  other,  as  do  the  lateral  axes  of  the  hexagonal  prism,  at  an  angle  of  60°. 
Placing  the  rhombohedron  in  position,  if  wo  remove  the  six  lateral  edgep,  re- 
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placing  them  by  planes  parallel  to  tho  vertical  axis,  there  is 
produced  a  regular  hexagonal  prism,  terminated  by  three-sided 
pyramids.  If  their  vortical  solid  angles  are  also  removed  tho 
regular  hexagonal  prism  results.  If  we  remove  from  an  hex- 
agonal prism  three  alternate  basal  edges,  and  at  tho  other  ex- 
tremity also,  three  edges,  alternating  with  tho  first,  as  shown 
in  fig.  115,  and  continue  the  removal  until  the  original  form 
is  obliterated,  a  rhombohedron  is  produced ;  it  also  results  by 
removing,  in  a  corresponding  manner,  tho  alternate  solid 
angles  from  tho  hexagonal  prism.  When  the  plane  angles  forming  the  vertical 
solid  angles  arc  obtuse,  tho  rhombohedron  is  called  obtuso,  and  if  acute,  the 
solid  is  culled  an  acute  rhombohedron. 

155.  Modified  forms. — If  bodies  in  crystallizing  assumed  only  the 
fundamental  forms,  there  would  bo  but  comparatively  little  variety 
and  beauty  in  crystalline  solids ;  it  is  to  the  modification  of  the  funda- 
mental forms  that  we  owe  that  endless  variety  of  crystalline  figures 
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which  we  ohB^Tve  io  nature,  and  that  are  produced  in  the  laboratory, 
TlieM  modi£«4  fums  ^re  calied  seooDdary  or  derivative  forms,  md  &t& 
pfodueod  by  Ibe  replacttig  of  the  edges  nod  anglea  of  the  fuudameutal 
£»BA  bj  |iJjMte«,  which  are  called  eeuondnry  planes.  Thti  modifica- 
tioiia  of  cry«te]»  take  place  according  to  two  frltnp le  )aw». 

ImL  Ati  the  timititf  part^  a  crystal  may  he  simttHancou^ly  and  #/wf  i- 
tm^f  modified*  The  iiyru%%  thus  resultLog  are  caUed  hohh&lml  forms 
(from  k(do9t  wiiolc,  and  edra,  face). 

2tL  Baif  ike  aimihr  itarU  of  a  crystal  may  he  simuUanmuslt/  and 
similariif  tmitdifted.  The  fwrma  thus  resiilting  are  called  htmihtdral 
fumiifi  (from  hemua,  half,  and  edra,  face). 

[Tt  ii  \**7f>n<l  tUcs  {Jpft^ti  of  this  dcractit&rj  work  to  enter  inVa  tuorti  detail 
^riettiinf  lh«  tliifercQt  njsUm*  of  ^fjitftUagrijjhy,  And  *if  madldcd  rortiis. 
Or  furiLher  iufiirniati'>D  tb«  atudcint  ii  referred  to  I>aaui*«  Mini^riLlogy,  from 
vkich,  hj  pfTtaifsioa,  fliLs  cb&p'tcr  biu  been  condenied.] 

156,  Compouod  cryatala. — Sometimes  wc  find  two  or  more  crystals 
united  regularly  and  symmetrically  together.  The  form,  if  compSMMd 
of  t«r<»  indtvldnal^,  is  oaltcd  a  twin  crystal.  Fig.  116  is  a  simpb  crystal 
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of  gypAum ;  if  it  be  bisected  along  the  im aginary  line  a  and  tho 
right  half  be  inverted  and  applied  to  the  other  half,  it  will  form  fig. 
117.  If  an  octahedron,  aa  fig.  IIS,  be  blficctcd  through  the  dotted  line, 
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fevoked  half  way  arouud  be  then  united  to  tbo 
110,  B<»th  figa,  117  aud  U'J  are  liriit  oryalaU, 
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The  imaginary  axis,  on  which  the  revolution  of  half  the  crystal  is 
mode,  is  termed  the  axis  of  revolution  and  the  imaginary  section,  the 
plane  of  revolution.  Compound  crystals,  composed  of  more  than  two 
individuals,  are  frequently  observed,  as  in  the  case  of  the  snow-flake,  a 
not  unusual  form  of  which  is  represented  by  fig.  120,  composed  of  six 
crystals  meeting  at  a  point,  or  of  three  crossing  each  other  at  an  angle 
of  60®.    Fig.  121  represents  a  compound  crystal  of  chrysoberyl. 

157.  Cleavage. — By  the  application  of  mechanical  force  to  crystals 
we  observe  that  they  often  split  in  certain  directions,  leaving  even  and 
polished  surfaces.  The  production  of  such  surfaces,  in  causing  the 
separation  of  the  particles  of  the  crystals,  is  called  their  cleavage  ;  the 
planes  along  which  the  separation  takes  place  are  called  cleavage  joints. 
Cleavage  is  often  obtained  with  great  ease,  as,  for  example,  with  mica, 
which  may  be  separated  by  means  of  the  fingers  into  thin  leaves. 
Galena,  also,  cleaves  easily,  and  as  the  three  cleavage  planes  are  at 
right  angles  to  each  other,  a  cube  results.  Calc  spar  splits  in  three 
oblique  directions,  and  thus  a  rhombohedron  is  obtained ;  while  in  fluor 
spar  a  cleavage  of  its  solid  angles  produces  an  octahedron.  The  cleav- 
age  of  many  crystals  is  obtained  with  great  difficulty,  as,  for  example, 
in  quartz  and  tourmaline;  in  others  no  cleavage  can  be  produced, 
owing  to  the  strong  cohesion  among  the  laminsD.  In  some  crystals  but 
one  cleavage  is  visible,  as  with  mica ;  several  have  two ;  others  three, 
as  galena  and  calc  spar ;  fluor  spar  has  four,  blende  has  six,  while 
others  have  even  more.  We  obtain,  by  the  cleavage  of  a  crystal,  some 
one  of  the  thirteen  fundamental  forms.  Varieties  of  the  same  mineral 
have  the  same  cleavnge.  Cleavage  occurs  parallel  to  the  faces  of  the 
fundamental  form,  or  along  the  diagonals  ;  the  facility  of  cleavage  and 
lustre  of  the  surfaces  is  always  the  same,  parallel  to  similar  faces. 

158.  Determination  of  crystalline  forma. — In  order  to  determine 
a  crystal,  it  is  essential  to  refer  it  to  the  system  to  which  it  belongs, 
and  to  determine  the  simple  forms  of  which  it  consists,  with  the  rela- 
tive lengths  and  inclination  of  the  axis. 

§3.  Elasticity. 

159.  Elasticity  of  solids. — Elasticity,  already  mentioned  as  one 
of  the  properties  of  matter,  has  a  peculiar  importance  in  solids,  because 
it  is  itself  a  moving  force,  and  serves  to  measure  the  intensity  of 
other  forces.  All  bodies  offor  a  resistance  to  compression  and  ex- 
tension, wliitth  is  due  to  elasticity.  It  is  shown  in  the  effort  of  a  com- 
pressed spring,  or  a  bent  bow,  to  recover  from  its  forced  state  of 
flexion. 

Tension,  flexure,  and  torsion  are  also  at  once  evidence  and  measures 
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«f  tb«  furoe  of  elasticUj  ia  solids ;  while  in  fluids  eomprusion  is  the  only 
•Ti4c!»cc  of  ita  i}re4ietice,  Kod  hence  compre^albjlitj  dono  is  a  general 
property  of  matter. 
Etcrj  bcMlj  has  a  iimit  of  elasticity  beyond  which  it  cannot  he  car* 
wlUioat  a  permanent  derangement  of  its  particles,  or  fraelure.  A 
octly  elastic  b4>dy  u  one  which  returns  oompletcly  to  its  original 
whon  pressure  \b  removed ;  and  every  body  does  this,  each  withitj 
It*  own  limit  of  elasticity.  Hence  every  hudy  may,  in  a  reatrieted  sense, 
bo  taid  U*  be  perfectly  elastic.  Tlie  return  of  an  elastic  body  to  it« 
primiliT«  po$iicioa  ia  uaually  made  with  several  osciUattonfi,  called  osml' 
taiiofu  of  dasikUy.  Thiji  is  familiarly  seen  in  the  r^oil  of  a  bent  blade 
or  fpring  of  steel. 

Itiievidoat  Ui4t  in  bendiAK  tba  lU  raolecalev  are  doraDged  from  their 
fmsitioD  of  rqvilibriuDi  bj-  eomprcuioti  od  one  side  »tid  exLeuaiua  oa  tho  otbcr, 
tli&t  it  if  tfac  fores  with  which  thflj  tend  |o  rvplicB  tbcisffclres  irbich  piD* 
dacvs  die  cisftieit;  of  the  bl&d£, 

Th*r*  ii  a  sioiiUr,  altfaougb  teM  perceptible,  ehHSj^e  figar«  in  un  irory  bill, 
vkteb.  dropped  upion  ■>  burd  ntrfuQi  will  rcboiind  nvsrljr  to  tUe  beigtit  ft^in 
wtiirb  It  fell  It  dooj  not  iinii]«<liA^tcIy  ro^ovor  it«  fpborickl  ihApVf  but  u  for 
•Bicral  Uiiie»,  »lt«rtifttol^,  m  oblat«  iui4  pruUt«  ipheraid, 

160.  autidty  of  teoBion  and  compreaflton. — By  tenalon  is  to 
be  im^entood  the  aelion  of  a  force  exerted  in  the  direction  of  the  lengthy 
of*  irire^  for  example.  The  laws  of  elasticity  of  tension  have  been  es- 
|)«iimiratally  deduced,  by  suspending  weights  from  the  lower  end  of  a 
lud  or  wire,  su^toioed  at  top  by  a  firm  aupport.  The  elongation  occa- 
•ionetJ  by  each  addition  of  weij^ht  is  measured  by  a  telescope  mounted 
on  a  graduated  bar,  parallel  to  the  wire  (the  apparatus  i$  called  a 
caiheUmctcr).  If  the  limit  of  elassticity  is  not  passed,  the  rod  or  wire 
reCorafl  to  its  origintil  length  on  removing  the  weights ;  hut  if  the  strain 
it  eoiaSiilQfd  too  Wg,  or  too  great  a  tension  is  lirought  to  bear,  a  per^ 
manent  change  «tf  length  results.  When  the  Umit»  of  clnstiotty  ore  nofi 
paii«e«i,  the  following  laws  ar^  developed  by  this  mode  of  experiment. 

L  For  the  same  mbsianee  ihe  elongation  vmimi  bt/  each  unit  of  ttmion 
u  lAif  tame,  whatever  mat/  have  been  the  oriffinal  tennon.  Thus,  with  a 
wire  loaded  with  ten  or  twenty  pounds,  the  elongation  for  each  eueees- 
«ive  pound  is  the  same  as  fiL»r  the  first  {tonnd. 

2.  Th^  rlm^jnlion  i*  prnportional  to  the  tension  etnpio^td.  This  follows 
fmm  the  first  law.  fttid  nignifie^i  that  if  the  rod  or  wire  is  elongated  ono 
unit  by  *w  pound,  it  will  be  elongated  ten  units  by  ten  ptminln,  «Ste, 

3.  rA<?  ftmtgtttkm  wiift  ft  ffipen  irnsion  is  proportional  to  ike  laitjih  of 
tJtf  rwi.  Tliut  ii  tt^  May,  tf  a  rod  of  a  given  length  is  elongated  a  unit 
of  length  by  a  given  tension^  a  rod  two  unita  long  is  elongated  twice  us 
much  by  the  ^ame  leuBioii. 
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4.  The  elongation  ia  inversely  proporiwnal  to  the  area  of  the  section  of 
{he  rod.  That  is,  if  of  two  rods  of  the  same  substance,  of  equal  length, 
and  subject  to  the  same  tension,  one  has  twice  the  area  of  the  other,  it 
will  be  elongated  only  half  as  much. 

Experiment  has  shown  that  in  the  case  of  the  compression  of  a  metallic 
bar,  or  rod,  in  the  direction  of  its  length,  by  an  endwise  force,  the  bar 
is  shortened  just  as  much  as  it  would  be  lengthened  if  the  same  force 
had  been  used  to  stretch  it.  Hence  the  laws  for  the  elasticity  of  com- 
pression are  quite  the  same  with  those  for  tension. 

These  laws  may  be  demonstrated  mathematically  as  well  as  experi- 
mentally, but  it  is  not  requisite  here  that  we  should  do  more  than 
enunciate  and  illustrate  them. 

161.  Coefficient  of  elasticity. — From  the  laws  of  elasticity,  of 
tension,  and  compression,  just  enunciated,  it  follows  that  the  elongation 
{I)  of  a  given  rod  is  proportional  to  a  constant  quantity,  (7,  depending 
on  the  nature  of  the  substance ;  secondly,  to  the  weight,  TT,  by  which 
it  is  stretched;  thirdly,  to  its  length,  L\  and,  fourthly,  that  it  is 
inversely  proportional  to  the  area  of  its  section,  S\  i.  e. 


i=c.  fr.i.-i-; 


hence, 


,     ^WL  ^  IS 

i=c-^-.  or  c;=-^. 

Putting  K=  -77  in  these  equations,  they  become 
,      1    WTi       ^  LW 

If  in  the  last  equation  we  make  1  =     and  <S  =  1,  it  becomes  K=W, 

The  quantity  K  is  called  the  coefficient  of  elasticity.  In  other  words, 
the  coefficient  of  elasticity,  in  any  homogeneous  substance,  is  equal  to 
the  weight  required  to  double  the  length  of  a  bar  of  that  substance 
having  a  given  area,  assuming  such  an  elongation  physically  possible, 
which  it  is  not,  unless  in  the  case  of  caoutchouc. 

We  are  indebted  to  Wertheim  for  most  of  our  experimental  knowledge 
of  this  subject.  The  following  table  shows  the  mean  coefficient  of  elas- 
ticity of  a  number  of  metals,  as  deduced  by  him,  with  various  weights, 
at  different  temperatures,  from  1°  to  392°  Fahrenheit. 
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5,403 

6,4fi2 

ftDDe<&tc><|, 

7,liO 

7,374 

P»l]»Aiwra  hniiiiiicrntrl, 

10,650 

Flkiinum  h»mni(.'reil, 

10,22i 

14,179 

12,064 

Copper  b>mQieTG«], 

13,052 

13,200 

9,827 

7,S«1 

17,743 

IS, 61 3 

Z0,T&4 

21,877 

17,7(KI 

8b6«l-wirv  miici«BJ«d  bine, 

17,690 

19,977 

17,^78 

21,203 

10,278 

CJMU«l«el  ftfiaeftlori. 

iti,6ei 

10,014 

17,026 

^  Btrtia-brMB  bunmend, 

9,782 

An  inspection  of  tkis  tabic  fliiowfl  that  the  cocfficiente  of  elasticity  of 
the  luetals,  generallj  dlminUh  as  tbo  temperature  rises  from  P  to 
392*  F.  But  for  iron  and  steel,  the  coeflioietils  augment  up  to  212°  F., 
aad  then  diminish,  until  at  392*  F.,  they  have  the  sftiue  tenacity  as  at 
OOoimOD  te[npc>ratureji. 

Wertheim  tins  n\m  determined  bj  experimeut  that  tite  coefKcient  of 
dasticity  in  the  metuli  is  increaaed  by  all  means  which  produce  an 
tscrtaM  of  density,  and  dcoreiysed  hy  the  contrary  meaos.  He  fuuud, 
«tad,  that  the  paAsa^  uf  ftii  electric  carront  in  a  conductor  momentarily 
tUininl^hes  this  (Kiefficieiit,  independent  of  the  alieratioij  of  temperature 
pfodocfttl  by  Ibe  electricity.  In  alloys  the  etiefficicnt  is  nearly  the 
Qjieiin  of  the  coefficients  of  the  gereral  metala  cmmpouuded,  even  when 
there  i»  a  difference  of  bulk  between  the  mass  of  the  alloy  and  the  sum 
of  its  ingredients. 

1C2.  Blaaticitr  of  flexure.— Let  A  B,  fig.  122,  be  n  rectangular 
besm^  fixed  horizontally  by  one  of  its  ends.  If  the  free  end  of  such  a 
beam  is  octeti  on  by  any  foreo  tending  to  bend  it  in  the  direction  B 
lh«!  bur  will,  in  virtue  of  ita  ehisticity,  return  ii^^m  to  ita  horiiontal 
[Kiaition  wli^n  the  fleiing  force  ceases  to  act^  after  performing  a  certain 
number  ufoscilftttions. 

Tlie  etaslicity  of  flexure  i«  due  L-biefly  to  the  united  effect  of  the 


•  Th*  rod*  «>a»p1n]r«d  In  tbcfle  ei-pflrimenta  bad  etwb  »  seetlon  »r  one  i*iujir« 
tailUmcLre,  *u4  lb<s  vatuuM  of  A'  nre  woietiln^  hi  kih>graqjme#^  tbat  would  bo 
nh'ialrvd  to  itrelcb  ibe  roda  to  doublQ  ibefr  originat  lengtb.  Thete  riititVf  in 
gcntra],  gnsatlj  txcMd  tbe  limit  of  ciutioit;. 
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elasticity  of  tension  and  compression.  For  the  molecules  on  the  upper 
side  of  the  curve  are  extended,  while  those  on  its  under  side  are  com- 
pressed, and  the  united  effort  of 
these  two  forces — ^which  are  equal — 


is  to  restore  the  beam  to  its  first 
position.    The  conversion   of  a 
straight  line  into  a  curve,  as  in  this 
case,  is  also  accompanied  by  a  dis- 
turbance in  the  equilibrium  of  the  molecules,  independent  of  the 
change  due  to  their  separation  and  compression ;  and  such  a  change 
develops  elasticity. 
The  laws  of  elasticity  of  flexure  are  comprised  in  the  following  formolsQ : 
Wfl  Dah<fi 

In  which  a  is  the  arc  Ji  B',  described  by  the  flexure ;  W,  is  the  flexing  weight 
acting  in  a  perpendicular;  b,  the  horisontal  breadth  of  the  bar ;  d,  its  thickness; 
I,  the  length  of  the  bar,  and  D,  a  constant  ({uantity,  depending  on  the  nature  of 
the  substance  used.  If  in  the  above  we  make  each  of  the  quantities  a,  h,  dy  and 
/,  equal  unity,  it  follows  that  J)  =  W,  or  J),  is  a  weight  which  will  bend  a  given 
bar  one  unit  long,  and  of  a  given  diameter  (say  one  centimetre),  through  a  unit 
of  arc  (say  one  degree).  This  quantity,  D,  is  called  the  coefficient  of  elcuticitjf 
of  flexure,  and  in  any  case  the  value  of  a,  6,  rf,  and  If  being  known  experi- 
mentally, the  value  of  D  is  readily  ascertained  by  calculation. 

If  a  beam  is  supported  at  its  two  extremities.  A,  B,  fig.  123,  and  the  weight  is 
applied  in  the  middle,  the  formula  becomes 


(2.)  W  —  — - — ,  where  o  is  the  flexai«  and  I  the  distance 


from  the  supports. 


123 


The  following  laws  are  deduced  from  the  first  formula: 

1.  The  displacement  of  the  free  end  of  the  bar  is  proportional  to  the 
load. 

This  is  equally  evident  from  the  experiments  of  Coulomb  and  from 
an  analysis  of  the  isochronism  of  the  oscillations  accompanying  the 
effort  to  restore  the  equilibrium. 

2.  The  load  requisite  to  produce  a  given  flexure  it  proportional  to  the 
breadth  of  the  beam  or  bar. 
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This  19  CTldcnt  if  we  fioosider  a  besm  two  or  three  times  as  broa^i, 
eompiitdl  of  two  or  Uiree  B^^iarute  b^imiB,  each  reqtiiFmg  the  sanKt  load 
ulhft  irst  t&r  to  des  it  ttirough  the  same  arc. 

3.  Th^  load  i*  aUo prijporiionat  to  the  cube  of  thtdqjth  dr  (ktckrms  o/ 
the  bar. 

4.  TAe  Sottd  i*  m  the  intrrse  ratio  qf  th€  cfthe  qf  tfte  ktiffih  of  the  bar. 
If  ihc  Boctlon  of  die  beam  U  not  ft  rectangle,  with  one  perpea- 

dicolar  to  ihe  directkm  of  the  flexing  forco,  these  laws  cannot  be 
directij  appUed.  It  is  asBumed  in  all  the  caeea  that  tho  bar  returcB  to 
it*  first  pusiliwn  when  left  to  itself  ;  or,  in  other  words,  that  the  pre&sure 
Lu  not  exceeded  the  limit  of  elas^ticH/^ 

Applications. — Constant  use  h  made  of  the  elftstigitj  of  flexure. 
The  ijynamometcr  of  Keynier  haa  already  been  named  (37),  SprioKf 
uf  alt  kinds,  for  balancesj  carriages,  time-piecea,  bowe,  Jtc,  emplcny  this 
ageucjT'  The  aneroid  barometer  of  Yidi,  and  the  metallic  manometer 
■fid  thermometer  of  Bourdun  are  familiar  and  moat  uBefiil  applications 
of  this  farce, 

Boardoii*9  metallic  baiometer. — M.  Bourdon,  of  P&ru, 
bai  applied  the  prini'tple  of  elos-  124 
tifilj  of  flexure  to  the  construction 
of  a  metallic  barometer,  whteh,  with 
greftt  aisnpikitj  of  constrnction,  has 
all  the  adtantages  of  the  aneroid. 
Tfec  cf^etilial  part  «f  the  instrument, 
fSg.  124,  tfionsist*  of  a  verj  thin  and 
clastic  brajjs  lube,  A,  beni  into  the 
form  of  an  arc  of  a  circle,  whose  cro^^s 
atetion  u  a  flattened  eUipse^  with 
ila  longer  diameter  perpendicular 
to  the  plAne  of  ennratore.  This  tube, 
ix}jau«ted  of  air,  and  hermetically 
elooed,  is  attached  only  at  its  centre, 
•0  that  the  ends  are  free  to  moTe. 
With  &  dImiol«hcd  atmospheric  pres- 
mire,  the  ends  separate  from  each  other.  If  the  atmospheric  pressure 
iacreaaes.  the  ends  come  nearer  together.  By  means  of  the  metallic 
wires.  b,  and  the  spring,  c,  tlieee  movements  of  the  ends  of  the  tube 
•re  ocnnmtuiicated  to  a  needle  moving  over  a  graduated  plate, 

Tba  tame  principle  Bourdon  has  applied  to  the  construction  of 
manoDifrtarf  for  locomotives  and  other  steam>boilers,  which  are  now 
'    Ij  tued  in  all  countries. 


128 


Til*  TUEEE  STATIS  OF  MATTER. 


164«  The  aneroid  baiometer.^^ — Tho  construction  of  this  instrci- 
ment,  b vented  Lj  Yidt,  of  Purts,  depemls  upon  the  olosticitj  of  Qexare. 
Being  of  small  size,  and  containing  no 
mercurjt  it  is  very  p(*rtiiJile,  and  it  gives 
results  suffieieaLlj  accurnte  for  all  ordinary 
purpoi«i'j».  It  eonabts  of  a,  circular  copper 
bos,  tlie  cover  of  which  is  very  thin,  and 
heTmetically  sealed,  after  tlie  air  is  partly 
exhausted  from  its  mterior.  This  chest  is 
contained  in  an  outer  CA&e,  %.  125,  about 
four  inches  iti  diu meter,  und  which  has  a 
diabplate  like  that  of  a  watch.  Variationa 
in  the  presHure  of  the  atmoephore  wit! 
cause  the  cover  of  Uic  eshauated  box  to 
movo  with  the  change  of  ton^ion.  By 

menna  of  ^  combination  of  levers  and  jiprings,  the  movemeuts  of  tlie 
centre  of  tbi«  cover  are  communicated  to  a  pointer  Tvhieh  moves  over 
the  graduated  plate. 

Fig.  126  ibtiWB  the  intarlor  coai!  true  lion  of  tills  [nijitniim(?a(. 
of  the  cxbaasUsd  box,  are  attncbi^tl  tnci 
nprigbla,  S,  irbich  tut  upon  a  lever,  P, 
by  menDi  &  pin  uniting  them.  Thin 
ItJTor,  P,  ii  »tt«e!icd  la  a  bur,  moving 
f^ly  on  two  pivota  placed  at  its  bs- 
trttmlUes.  A  lever,  B,  unitca  the  bar» 
K,  io  lb«  pluie,  A,  prtasing  an  iwo 
Bprlpgt,  ]>.  By  mcftat  oT  a  »F>'ing> 
rcprffitOELted  on  tbe  Jtidu  of  ibe  figure,  tho 
rod  E,  in  eonnectiun  witb  A,  euniniu- 
nicKtci  tnaT(»mciit  to  tb«  bobt  lever,  11^ 
raustng  n  tdfltallio  nrirci  to  uncoLl  it^L'lf 
trma  the  axiR,  0,  o(  tUo  puinlcir,  ibufl 
imDamitting  to  it  tbo  roDvement, 

Ejtt!L':Ilent  Aneroid  baromet«ra  are  now  made  at  Labanou 
Kentlaih  at  a  looderat*  notL 


The  theory  of  the  barometer  and  the  tnodcs  of  olservin^  nimosf  heria 
pressure  with  the  aneroid  barometer,  is  explained  in  the  chapter  ou 

1G5.  Elasticity  of  torsion. — ^When  a  nvetallic  rod  or  wire  is  twbte4 
by  a  furcc  applied  at  one  extremity,  whij«  the  other  remains  fixed,  it 
haB  a  cotn»tant  tendency  to  return  to  itB  fir«it  podtion,  and  if  the  force 


*  Attoroid  la  dc'riv^d  from  tfae  Greek  alpbm  (nb  privatha,  and  Hpin^  in  fluir 
(■  barometer  witiiont  a  fiiiidj,  In  alluiton  la  th^  abMuce  ofqnkksillver. 
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ll  vIlhdfAwti^  when  leA.  ta  itaelf,  the  wire  makes  a  Qumbe^r  of  oscillar 
imtt  birfum  it  cottiea  to  a.  state  of  rest. 


Vr«  ema  ewUjr  •««  botf  tof  hiod  U  developed  fFom  dlutic^ttjr, 
\*  m  m*tMl\ii>  wtrr»  ln*<lc  Jcneo  hy  »  weight,  W,  and 
twiytvd  bjr  ft  force  ii.t]plic)l  a.t  ii<cttng  in  «  vitvlt)  uf 
wtticlt  «f  ii  iUc  radiuj.  Let  ui  »  reprcseiit  iiii  enlurgrd 
of  •  TOW  of  tDolc«uI«i  (tu  thii  «itrfk«i«  of  the  «ir« 
*l  tM  4ixitf.  If  Ibe  UnglU  af  iha  wire  reuiaini 
gM  during  lonioUf  mod  tbo  liDe  m  t*  tiikvi  tiie 
patUloo  of  ibe  fi>iml  mn',  il  U  errid«n|  that  the  diftannii 
U|tw«e&  tb«  molecalet  iti  Ihii  line  ntitsl  be  increased.  Tbe 
ii^  uf  torsion,  thvrerore^  dependfl  itpou  lh«  foruNt 
urtiirli  tli0  p«rtici«ii  tend  to  preierre  tiieu-  r«*pe<!lire 
Ttom  each  gthen  By  the  «ilep,«  force  with  wkiol} 
tb«  flMle«ul««  on  the  iorfHce  of  tbe  wire  tend  tu  rceii^t 
MpMvtion,  the  mrtl^cules  In  ike  nxia  i>f  tbo  wiro  are  com* 
p>wMtiJl>  And  tibtrrc  a  i;«Dd«D^y  to  diminlati  tho  i«Dj^tb 
«f  %h*  w\nt,  TurtloD,  tborufore,  tends  tu  i^pArmte  thta 
S9l««it1«i  oa  the  inHace  of  the  wire,  mad  to  fctmprcaa 
tkom  •itaAt«d  to  Ibo  MU. 


Let  <■  6,  fig,  127^ 
127 


The  afi^  a/*  i&rnon  U  the  ntiguliyr  di«t&nce, 
d^,  through  which  the  movable  end  of  tho  wire  m 

About  ite  aziB,  The  Jhrc^  of  iorsion  ia  the  power  applied  at  the 
txtremit/  of  &  lever  whose  kogtb  in  unity,  placed  perpendicular  to 
llbe  ftjcu  t>f  the  wire,  lo  produce  the  deviation  indicated  by  the  angle 
of  loFflaa ;  this  farce  \&  called  the  cm^ciettt  of  torsion, 

IGG.  OoiiloinV«  £awB  of  tanion.— For  our  knuwledj^e  of  t\if^  ]awB 
of  toaidim  we  ore  indebted  to  Coulomb,  who  has  reduced  these  laws  to 
Ike  Ibllowlbg  funsiihii 


in  t 


jir 


(2)  / 


ft'U 


Wh*n  &  cjUndrical  weight,  W,  ia  tTispendcd  to  a  wire,  as  shown  in 
m  tlmt  lU  axis  corresponds  with  the  atb  of  the  wire,  \V  is  the 
^□ded  weight,  a  it*  radius,  g  the  accelerating  force  of  gravity  (71), 
ooefficient  of  torsion  for  the  extended  wire,  and  t  the  time  of  an 
iiMilUtion  when  the  force  of  toraion  In  removed,  and  tbo  wire  is  left 
fn»  to  vibrate.  The  following  laws  were  dedaced  by  Cuulomb  from 
prtoeding  formula; 

,)  Thtforoe  of  tomon  tr  proportimal  to  the  angle  of  torsion. 

To  ^tQT«  ibit  Uw,  C<iaJMml]  caujitMl  the  wi^igUi  to  usciHuie  ftj-aaud  Ha  ixli  liy 
la  ttfttittn  tit  111*  w\rc,  nad  fuund  tliAl  tiie  ilmofl  ot  oecillalioti  were  ibo  s%tS39 
vbat««Br  tbclr  mI]I>ptitud(^.    This  ri««uU  corresponda  with  lbs  fornula  in  wbieb 
Ibt  ttaff  of  o*<rilUlitm  i*  iadcp<SHd«flt  of  ih«  u^EiUtud^. 

ttpoo  ibtt  Uw,  CoGiIowb  tnroQtvd  tk  vvry  d«li<:»t«  lDr«iim  ItaUntm  whleli 
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bears  hn  name.  Thit  iuittumttat  will  ba  ddaefibftd  whou  flpeakitig  cif  iU  m9  in 
electrka]  uipiiruiieDlfl  {8^}. 

(2.)  TA*  force  of  torsi&n  remains  the  mme  whatever  may  he  ihe  (en»wn 
of  iJie  lOtVe. 

£jci>orltiioiit8  yroro  that  the  squares  of  tbe  timee  of  oeeilltiioti  aro  proporlioiial 

W  . 

to  the  wojgliU  employed,  wbenee  It  followA  that  — ,  in  formula  (2)j  is  eonataAt 

wbatorer  maj  be  tlie  ralae  of  TV,  Lb«i-t!for«  it  is  erideat  frooi  ibo  (ortaalm  thmX 
the  eooSicieiDt  of  torsicru^  /,  is  eo&fltoiit,  iind  tbat  Lbfl  for<>o  of  toraloa  asroM 
witb  thd  precwdiiig  law, 

(3.)  The  cmj^Uni  of  U^rtum  is  invcrul^  propcriional  (a  iJa  length  qf 
the  wire. 

Kj[[)cri£Dv&ta  prgvt  thaX  iht  tquM^  of  the  time  of  otflUlfttlon  ii  prdpdrtioDftI  tA 
tbe  length  gf  Ibe  wife,  aud  tba  forniula  shows  ibftl/  is  inrorstiljr  pr«>|)orLi0ual 
tu  f-,  Ibyrcfuro  it  mast  ftlao  bo  invfiwdy  proportional  to  tho  longih  tit  tbe 

(4.)  cot^cient  t\f  torsion  is  proporiiotial  i&  the  Jburik  p&wer  of  ihi 
diameter  of  the  wire. 

According  cxi^crlmeDt,  thfl  time  of  OBeiUation  is  inTerteljr  prop^irtioiuil  la 
the  sqajtre  of  tho  (liaiDcttT,  and  the  fcjrroulii.  nlni^i  Ibftt  Ibe  t'oeffideiit  «f  lorsioa 
IB  invorsely  prop<irtioDnl  to  the  square  of  tbo  time  of  aaciltalioni,  bonce  tbe 
coefficient  of  ioriiun  ia  proportiunal  to  ihe  fuurtb  power  of  tbe  diauiettrr  of  tbe 
Wirt. 

167,  Toraion  of  rigid  ban. — ^Savart  found  by  eipenment  ibat  tbe 
laws  of  C*juIoi«b,  vthlch  bad  been  previous'ly  dt^termiuod  rue  fieKibb 
wirea  of  cylindrical  furtn,  wore  ei|uallj  applicable  to  rigid  bitrs  of 
braas,  copper,  glasSj  or  yrood^  whether  the  aeclltinQ  were  circular, 
Bquare,  rectangular,  or  triangular,  provided  that  coraparisoiia  wer? 
made  oDly  between  bars  of  the  Game  form. 

More  recently  Pi>lssQn  has  demonatmt^d  ibi^te  l«wf,  in  cft«e  of  cj^lindrical 
rods,  hy  means  of  the  caIcuLu?^  and  M,  O&acliy  baj  obtained  tbe  tfanie  result  bj 
the  oalcrultii  for  bars  bav mg  a.  reetiiogular  section. 

Limit  of  elasticity. — When  a  trlre  or  rod  has  bcea  stretched 
by  a  weigbt  whJch  is  very  great  in  proportion  to  the  diameter  of  tli® 
wiro  or  rod,  Uio  elongation  and  the  dimlnutioti  of  diameter  do  not 
entirely  disappear  when  the  tension  in  removed.  Tbe  bar  h  then  said 
to  have  becn/wc^ff,  or  to  have  been  stretched  heyoiid  its  litnit of  etajfO- 
cittj.  Similar  effects  are  seen  whin  elasticity  has  been  developed  by 
compression,  ficxifin,  or  turaion. 

These  results  ttre  explained  by  Bupposing  that  the  naolecnies  com* 
pofling  the  wire  or  rod  havo  been  forced  into  new  relations  with  each 
other,  so  that  elasticity  no  longof  acts  on  oil  tbe  particles  in  the  same 
dircetion  at  before,  and  therefore  a  permanent  change  of  form  ia 
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eloped.    It  foUoirs,  therefore,  that  after  &  rod  or  wire  Las  thug  bflcn 
etl,  tiier«  sfeould  be  «l  new  state  of  elasticity  similar  to  the  first ;  and 
mch  ex[>ent»CQt  shows  to  he  the  case. 

If  &  degree  of  leosioD,  aafiScient  to  produce  permanent  (.dougation, 
lets  for  m  LoDg  time,  a  rod  will  be  gradually  drawn  oat  into  wire. 

X.  Tfeiit  hm  oWnrcd  »  wire,  plmtd  wb<?fe  it  wm  free  from  ffa<ld(in  ibock, 
ntmmAmd  hy  t,  treiglit  vxcveding  ils  limit  of  elojticitj  [oqual  to  about  vno-third 
i»k»t  wualil  ht  r^qnircil  Ui  prodace  inBtftDluncoua  rupLiuo),  and  vrluoh  ct>Dtioiied 

10  ti«  eloD^otcd  f«r  joart  withDQt  attujiimg  iu  liotit  of  ext«D»ion. 

Tbm  plvto*  «f  gte«»  or  et««1  placed  ohliqiietyj  or  fapported  onljr  at  tha  ooda, 
viU,  ollef  a  tiflM^  ctfOtnct  a  pcrToaaeat  curvature. 

The  limit  of  etasticitj  Is  rapidly  diminished  by  hoat. 

At  temperihircv  <»r  aU'^  212*^  F.,  and  ^92"^  F„  Wertbvim  found  that  the 
Ihaili  of  elMticrttjr  fur  co|rp«r  varied  tut  th&  uumhets  3,  2,  1 ;  and  far  platitmtn 

11  14^,  IS.  ill.  Aan«aiiog  dimtnbbea  iho  liniiu  of  flla^ticityf  but  Worthelm 
foond  UiAt  a  iomptrrotiire  of  392°  F.  iDodo  no  icnsiblo  diSbrence  in  tbe  elasticity 
of  ikom  mcials  wliicb  bod  l»eD  pnsrioualy  autinaled, 

Cltange  of  denalty  produced  by  tenaion. — In  general, 
U  that  are  forced  by  excessive  tcDsion  mcreaae  in  density  by  a 
ral  approach  of  their  molecules,  but  the  contrary  eSect  is  produced 
by  tfiRaioa  in  bars  of  iron  or  \md.  An  Dealing  rcsborca  the  density  of 
tneuLs  which  bare  been  fcireed  by  tetiaionp 

I  4,  3tr«ogtli  of  Materiala. 

170.  Iiaws  of  teuaqity.^ — The  absolute  strength  or  tenacity  of  a 
^y  is  its  power  of  resiating  a  force  applied  in  the  diroctiun  of  its 
tcngth,  atid  tending  to  draw  il  asunder.  The  following  are  the  laws  of 
tenoeity : 

I  at.  The  tenaeittf  of  a  har^  or  rod^  or  the  resintance  ii  is  ^le  to  iusiainf 
i»  pmportwHoJ  ia  the  arm  of  Uji  tmjisrerse  sedion. 
2d.  fAf  i^meit^  ig  independetU  qf  iJtc  Unffik  of  ike  bar$* 

Th9  r»uUo<4  «rUkb  a  rttd  cmn  tmsiain  h  eyideDtlj  propordonol  Lo  the 
_:  *Tenfl  ■«'ti(«i  of  the  b^>rty,  for  tbe  cohesion  of  two,  throe,  or  faur  time? 
msy  partitfiea  mutt  b«  dcAtrayed,  If  ths  area  of  the  aectiaa  u  iaufessed  twOj 
tlif«e,  «f  four  times.    If  u.  urit^  tttppftrta  *  ccrtjiio  wuight,  two  suofa  wires,  at 
*ir<'-  if"  «tjo  of  tb*  finme  qaaritj,  wilt  support  a  doubI«  wdj^bt.  Tonocitj 

h  I  hy  i«n|;i;b,  t!Xi?«pt  tbal  tbo  probabililj  of  cajtual  defcclj  inrreafln 

lidu  II  I  (' ti:jtK  T«iift«i(.v  H  raeasared  e x pen tnco tall j  hj  fc«uriDg  odo  end  of 
tbv  Wly  t*>  a  fttml  pr^int.  and  tmnging  grtttlaa-nj'  iacrea^'jiTig  W^ighU  to  tbc  otbcr, 
tttttil  it  U  tir^kto.  Tbe  tirenlting  wtfij^lit  m^ia^urcs  the  abflolate  itrengtb.  To 
fompora  ike  flrBQgtli  difTur^iit  bodica^  wo  jBoit  osjmme  m  «att  o/  orrq  /  tbo 
OM  ttvuallj  oboMD  it  ons  0(iiuit«  incb. 

T!i«  foUcmiiig  (able  gives  tlie  absolute  streogth  of  some  of  the  more 
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important  bodies,  expressed  in  pounds,  for  one  square  inch  area  of  the 
transverse  section. 


lat  Mktals: — 


Steel  nntempered, 

"   tempered,  . 

"   caat,      .  . 

Iron,  bar,  .    .  . 

wire,    .  . 

"    cast,     .  . 

Bilrer,  oaat,  .  . 

Copper,  "  .  . 
Brass, 

"     wire,    .  . 


110,690—127,094 
114,794—153,741 
134,250 

53,182—  84,611 
68,730—112,906 
16,243—  19,464 
40,997 

20,320—  37,380 
17,947—  19,472 
47,114—  58,931 


Gold,   20,490—  65,237 


Tin,  cast,  . 
Zinc,  .  . 
Lead,    .  . 


4,736 
2,820 
887— 


1,824 


2d.  Woods  : — 

Sycamore,    ....  9,630 

Birch,   12,226 

Elm,   9,720—15,040 

Larch,    12,240 

Oak,   10,367—25,851 

Box,   14,210—24,043 

Ash,   13,480—23,455 

Pine,   10,038—14,965 

Fir,   6,991—12,876 

3d.  Cords  : — 

Hemp  twisted,  i  to  1  inch,  .  .  8,746 

"         "  1— 3     "  .  .  6,800 

"         "     3—5     "  .  .  6,345 

"     5—7     «  .  .  4,860 


Wrought  metals  are  more  tenacious  than  cast,  and  alloys  are  sometimes 
stronger  than  either  of  their  constituents.  The  strength  of  metals,  as  a  rule, 
diminishes  as  they  are  heated ;  and  sudden,  frequent,  and  extreme  changes  of 
temperature  always  impair  tenacity. 

Johnson's  results. — From  an  extensive  series  of  carefully  conducted 
experiments,  the  late  Professor  Walter  R.  Johnson  ascertained  that,  if 
either  bars  or  plates  of  malleable  iron  are  subjected  to  a  high  degree  of 
tension,  whilst  heated  to  550°  or  COO**  F.,  and  are  then  gradually  cooled, 
the  maximum  tenacity  of  the  iron  is  sensibly  increased  over  fifteen 
i^^^a^s)  per  cent  From  the  maximum  thus  obtained,  the  tenacity 
gradually  diminishes  by  heating,  but  the  tenacity  will  remain  greater 
than  before  the  first  heating,  unless  the  temperature  is  raised  above 
700°  F.  (Report  to  Franklin  Institute  on  strength  of  materials  for 
steam-boilers,  1837.) 

The  strength  of  cords  is  in  proportion  to  the  fineness  of  th^  strands,  and  also 
to  tho  fineness  of  the  flax  or  hemp  fibres  of  which  the  strands  consist  They 
are  weakened  by  overtwisting.  Damp  hempen  cords  are  stronger  than  dry  ones, 
twisted  than  spun,  tarred  than  untarred,  and  unbleached  than  bleached.  Siik 
cords  are  three  times  stronger  than  those  of  flax. 

Tenacity  of  vegetable  and  animal  substances. — Woods  are  sub- 
ject to  great  inequalities.  Trees  grown  on  mountains  are  much  stronger  than 
those  of  the  same  kind  from  tho  plains. 

Animal  and  vegetable  substances,  converted  from  the  liquid  to  the  solid  state, 
as  gums,  varnish,  glue,  Ac,  possess  extraordinary  strength.  Rumford  found  that 
a  solid  cylinder  of  paper,  glued  together,  whose  sectional  area  was  one  square 
inch,  would  support  30,000  lbs. ;  and  a  similar  cylinder  of  hempen  strings,  glued 
together  lengthwise,  supported  92,000  lbs.— a  tenacity  greater  than  that  observed 


171.  Resistance  to  pressure  in  columns. — Tho  resistance  of  a 
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oolmiaa  to  a  Teriicnt  force  which  tends  to  crush  it,  depends  on  ita  form, 
itii  Mctionol  ftrea,  and  ita  height.  Of  two  columns  of  the  same  mate- 
nal,  hmxing  the  same  form  and  c^ua!  bcighta,  the  one  which  haa  the 
Jjyger  fl«ctIoDal  fttea  will  be  the  atrooger,  but  the  exact  rfttio  of  inereofie 
In  itrengUi  U  imknowD. 

MietoMiUg  to  Eiilfer:  Wben  tht  iMse  reuaina  the  euDe,  th«  strength  of  ■ 
toiiiBS  diaiuii»lM«  u  the  M|i]&re  of  the  height;  ibat  u,  whim  the  height  is 
tfwliUsd,  ibe  e(.r»Bgth  it  (lintinbhed  um«  tiaic.it 

The  FMittADce  of  m  rigbi  pnem  ia  in  the  iuTerse  rfttio  of  the  iqnife  of  the 
Mgbt,  v)il  direetlj^  as  iha  wtdUi,  and  the  squaro     the  thickncu, 

A  |iritm,  nhom  ba»t  ii  «  p^iriilalograai,  hai  lees  etropgth  ihtm  ooe  of  the  same 
Wifchi  end  T9latD^»  whoie  hiM  is  aaqaanii  and  the  latter  lees  ihu  »  eti-tioder 
of  equsl  b  eight  and  Tolame. 

A  •oUil  <rfiioder  retiiU  le«i  than  a  holloir  one  of  equal  height  *nd  mMS|  luid 
lietly,  e  toli^l  CTliBdler  leu  thac  an  equiralctit  eooe.  A  culuma  of  oac  pleco  i« 
dtnagHB  iLun  vov  iicrmposi^d  or  ^ereral. 

fieliile  do  Biil  uffcr  ihc  iajDa  rceij lance  in  all  posUloni :  ttdaei  id  the  ^«ilioii 
at  their  hataral  bed  are  strovt^c^r  ttian  when  placed  {tthenii«e ;  aad  wood  it 
iCrMi^ef  in  the  direetloa  ef  it«  fibres  than  Rcroit  tbcm. 

T!i«  stmifth  of  tMlangnlar  eoluiani  ii  directly  u  the  product  ef  tbe  longer 
tide  of  ibt  Mction  into  Use  embe  of  tbe  thorter  aidOt  ^nd  iuYoncly  ai  the  iqUBre 
of  the  beigfat. 

172,  Tho  lateral  or  transverse  atrengUi  of  materlala  is  tkrir 

lo  resiti  a  breaking  Jhrcc  applied  at  rit/hi  anf/les  to  theit  lenffik. 
Let  a  be,  fig.  12d,  be  a  beam  secured  &t  one  e^nd,  and  supporting  ikt 
tbe  other  eitremitj  a  weight,  W,  12S 
aetiDg  at  right  angles  wtlh  its 
UmgQi*   It  is  evident  that  while 
the  ttupe-ndtd  weight  Icndii 
pTodooe  esleQAion  and  rupture 
at  lh«  upper  aurface,  a,  the  par^ 

licJat  at  the  oppeaite  or  under  i 
farlaee,  c>»  will  he  compressed.  ^ 
Between  these  two  points  there  will  ho  a  certain  plane,  m    celled  the 
naif  mi  ofu,  where  there  h  neither  eiteosion  nor  compression. 

Suppose  tbe  power  of  the  beam  to  r^tst  compression  is  the  eume  as 
its  power  of  resisttpg  extension,  then  the  ueutral  hih  will  divide  the 
trmsrerie  teclion  into  two  equal  parts,  an  area  of  comprei^Bioii  and  an 
trea  t>f  emteniion.  When  tbe  fibres  on  the  Burface  a  are  extended  to 
tbwir  limit  of  tenacity,  the  fibres  at  o  will  be  compressed  with  an  ef^ual 
foroe.  while  no  faree  is  exerted  on  the  neutral  axta,  therefore  the  etitirs 
fom  peqnired  to  be  overcoiae  to  produce  rupture  U  equal  to  oue-balf 
Ibt  longiiudiu&]  ienacitj  of  the  beam.  IC  t  represents  the  absolute 
tMuttiiljof  a  mmt  of  aiea  (See  Table.  |  ITO),  6  the  breadth  of  the  beam, 
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and  d  iU  depth,  then  the  resistance  to  bo  overcome,  =  {Ibd,  The 
effect  of  the  breaking  force  tends  to  turn  the  section  a  o  about  the  neutral 
axis.  The  sum  ofall  the  extending  forces,  128  a 

H  A,  fig.  128  a,  will  be  represented  by  the    ^[  .  

area  of  the  triangle  a  G  a^.  These  forces       jj  ^ 


act  at  different  distances  from  the  neutral "  '""""{^  { 


® 


axis,  0,  but  their  entire  effect  will  be  the  Bp 
same  as  if  they  were  all  concentrated  at 
the  centre  of  gravity  of  a  G  a'',  which  is 
at  a  distance  from  G  equal  to  |  a  G  = 
I  a  o  =  ^  (2.  The  statical  moment  of  the  extending  force  will  therefore  be 

itbd  X  M  =  Vi'^d*- 
The  statical  moment  of  the  compressing  force  is  also  ^tb(P.  Hence  the 
sum  of  the  moments  of  the  statical  forces  opposed  to  fracture  is  ^tbcP. 
To  overcome  this  moment  of  resistance,  the  weight,  W,  acts  at  the  end 
of  the  beam,  the  length  of  which  we  represent  by  I ;  then,  since  at  the 
moment  of  fracture  the  statical  moment  of  the  weight  must  equal  the 
statical  moment  of  the  resistance,  we  shall  have 

Wl  =  itbd\  or,  Tr=?^. 

The  lateral  cohesion  of  the  beam  prevents  the  difibrent  lamincD  from  sliding 
on  each  other,  and  thus  tends  to  prevent  fracture,  but  this  element  of  strength 
i«  neglected  in  the  preceding  analysis. 

To  find  the  weight  required  to  break  a  beam  supported  at  one  end, 
we  have  the  following — 

Rule  :  Multiply  the  absolute  tenacity  of  a  beam  of  (he  same  dimensions, 
by  its  depth,  and  divide  t/ie  product  by  six  times  the  length ;  the  quo- 
tient is  the  weight  suspended  at  the  extremity  required  to  break  the  beam. 

Practical  applications. — To  apply  this  rule  to  practical  purposes, 
it  is  necessary  to  take  into  consideration  the  weight  of  the  beam  itself. 
This  weight  may  be  considered  as  acting  at  its  centre  of  gravity,  con- 
sequently the  strain  produced  by  it  will  be  only  half  as  much  as  if  it 
acted  at  the  extremity  of  the  beam,  we  must  therefore  subtract  from  the 
breaking  weight  one-half  the  weight  of  the  beam.  Calling  the  weight 
of  the  beam  tr,  the  formula  becomes, 

0/      2  * 

If  wo  would  estimate  the  load  which  a  beam  can  sustain  without  danger  of 
breaking,  we  must  consider  that  beams,  of  whatever  material  they  may  be 
constructvd,  are  liable  to  be  more  or  less  imperfect.  To  afford  security  from 
accident,  it  is  customary  to  estimate  the  working  load  as  only  J,  or,  .in 
cases,  only      part  what  would  be  required  to  prodnoe  fracture. 


or  soui>5. 
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of  ikm  Iwut  itoelf,  ia 


 j    r    being  tlie  niiw  Of  the  beam. 


»  tube  wko^e  ezleraftl  luad  internal  radii  aro  r  tnd  r%  the  breaking  weighl 
Tor  a  reet«ii£alar  tabo  tupported  ai  oii«  and, 

If  a  roetskngular  beatn  is  eup ported  at  die  ceotre,  and  the  weight  h 
diTided  into  two  partaj  test- 
kig  upon  oppo«ite  eod^  of  the 
beaiDt  as  shown  A,  fig.  I29t  we 
mmat  r^phkce  w,  and  the 
preceding  formata  hj  )  W,  ^ir, 
end  if.  Making  these  subati- 
Hons,  and  reducing : 

TA*  Kfii/hl  which  a  beam 
tan  mp^tort  tehtn  it  rats  vjiOH 
its  tentm,  and  the  weight  is 
Hfmlly  dir^ulcd  at  its  extrctnl-  ' 
tia^  it  four  times  (zs  ffretd  as  {/  tk^  beam  tifeit  fuppyrted  ontif  ot  &ne  end^ 
und  ihie  wetjifht  teas  suspended  from  tht  other  end, 

On^'half  of  the  Ixam  h  mdaded  as  a  part  of  the  breaking  weight. 

If  iLc  licara  vs  supported  at  its  two  eitremities.  and  the  weight  ia 
•uspetidcd  at  the  cetitrCt  aa  shown  at  B,  fig,  129^  the  breaking  weight 
will  obviously  he  the  same  as  the  swrn  of  tho  two  weight*  in  the  pre 
c«dbg  ca»e« 

If  the  heam  ia  aecured  at  both  extremitic!!,  as  shown  at  fig.  129^ 
and  the  weight  it  ptutied  at  the  eentre,  thrco  fracture*  aro  to  b**  pr**- 
duced  aiiuullaQeously.  To  prodace  the  fracture  at  the  uentre  separaCrelj 
will  require*  tlte  name  weight  ai  in  the  prei^eding  ctue»  aud  the  fractures 
al  C  and  C  will  eaeh  require  ono-half  aa  much  more  force,  while  one- 
half  of  the  weigihi  of  the  txNun  ij  to  be  in c lulled.  Therefore, 
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G-eneral  estimate  of  the  strength  of  beams. — If  the  freight:  if 
evetily  distributed  over  the  whoJe  beam,  it  will  Bupport  twice  as  much 
03  if  the  whole  pressure  were  placed  in  tho  centre.  If  &  rectangwkr 
beam  has  two  or  three  times  the  breadth  tjf  nnother^  the  depth  and 
length  being  the  same,  it  will  have  two  or  three  limes  the  lateral 
fltrength;  and  if  the  length  is  iucrcaaed  two  or,  tlir*?e  times,  other 
tilings  being  equul,  the  power  of  susipensiou  will  become  one-half 
or  one-third  respectively.  When  the  length  and  breadth  remain  the 
rnunc,  the  strength  mcreasoB  with  the  deptli,  but  in  a  higher  pro- 
port)t>a.  A  beam  haviog  the  same  length  and  broadth  as  nnother,  bun 
twice  or  three  times  the  depth,  will  betw  a  four  or  nine  times  greatef 
weight.  A  thin  board  or  beam  is  therefore  much  atroager  when  placed 
on  ita  edge  than  on  its  aide ;  on  this  principle,  the  rafters  and  floor 
timbers  of  buildings  are  made. 

In  ronnd  timber,  the  power  of  suspension  b  in  proportion  to  the 
cubes  of  the  dianietcrs,  and  inversely  as  the  length  ;  a  cylinder  whose 
diameter  is  two  or  throe  times  greater  than  tliat  of  another,  will  carry 
a  weight  8  or  27  times  heavier.  The  lateral  strength  of  square  timber 
is  to  that  of  the  tree  whence  it  is  hewn  as  10  :  17  nearly. 

The  strongest  rectangular  beam  that  can  be  sawn  from  a  piece  of 
round  timber  is  one  whose  breadth  is  equal  to  the  square  root  of  one-^ 
thlr jjhe  diameter,  and  ita  depth  is  equal  to  the  square  root  uf  twO<^| 
thirds'S-bo  diameter- 

A  tube  im  the  form  which  combines  the  least  weight  of  materials 
with  the  greatest  lateral  strength.  Galileo  was  the  first  who  remarked 
that  the  bones  of  animals,  the  quills  of  bird»,  the  stalks  of  plants  whtefa 
hear  a  heavy  weight  of  seed  at  tbclr  summit,  and  other  similar  btdlow 
cylinders,  offer  a  much  greater  resistance  than  solid  cylinders  of  tlie 
some  length,  and  constructed  of  the  same  quantity  of  matter. 

A  round  tube  whose  external  and  internal  diameters  are  to  eacl 
other  as  10  :  7  has  (according  to  Tredgold)  twice  the  lateral  atren 
of  a  solid  cylinder  containing  the  same  amount  of  material. 

A  reotangular  tube,  whose  height  is  considerably  greater  than  the 
breadth,  wiU  sustain  a  greater  amount  of  lateral  pressure  than  a  WUo 
cylinder  of  the  same  thickness,  and  containing  the  same  amount 
tnaterialf  because  a  much  greater  amount  of  material  ts  pkieed  at 
remote  distance  from  the  neutral  ojci*.    JItdlow  reeiangular  beams 
iron  are  used  in  architecture,  and  the  same  form  of  cpnstruetion  w 
selected  by  Stephenson  for  the  Britannia  and  Victoria  Bridges. 

Tbe  BritaQUia  Tubular  Bridge,  ncroes  the  Meuai  Straits,  is  an 
immenso  rectangular  iron  tube,  or  corridor,  17  feet  wide,  22  feet  high 
ftt  the  ends,  30  feet  at  the  centre,  and  1834  feet  long,  through  vi 
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tbt  EngtUli  Western  Rn.iljvjad  paasca  from  Wnles  t«>  the  isIaDd  of 
Ajo^Icm*,  104  feet  abore  hi^h  water  murk.  Two  of  tha  openings 
Wiii««ii  ihe  pters  ara  each  4(10  fmt,  anil  the  other  tvro  each  230  feet. 
TIm  ftfiiut«z7  pressure  of  the  railroad  trains  which  pasts  thia  bridge 
pn>dae«s  a  depression  of  raerelj  one-eighth  of  an  inch,  or  letta  ;  diaccrui- 
\At  uiily  hy  the  aid  uf  mstruments. 

The  Victoria  Tabular  Bridge,  for  the  passage  of  the  Grand  Trunk 
Ballmj  acT^»  the  St,  Lawrence,  at  Montreal,  in  6G00  feet,  or  a  mile 
utd  ft  (quarter  m  length.  It  has  24  openings  of  242  feet  each,  otid  a 
centre  span  of  330  feet.  The  abutments  arc  36  feet,  and  the  cetitraL 
pien  60  feci  above  summer  water.  The  breadth  of  these  imtnense  iron 
Mibet  is  Vt  feet,  the  height  at  the  ends  of  lbs  bridge  19  feet,  and  at  th« 
centre  21  feet  8  inchea.  The  tnUcs  are  construetcd  of  boiler  iron, 
Tarjing  from  |  to  j[  an  inch  in  thickness^  strongly  braced  with  lateral 
irons  pke^^d  at  distancea  of  from  3  to  G  feet^  The  coat  of  this  atupen- 
cl«>ui  bridge  was  97,OfJ(>,OCM}, 

173.  Limita  of  magnitade, — The  materials  of  all  structures  mast 
rapport  their  own  weight,  and  therefore  their  arailable  strength  ts  the 
aee«ji  only  of  their  absolute  strength  above  what  is  necessary  to  sup- 
port theinselfes. 

When  all  the  dimensions  of  materitils  are  increaMd,  the  absolute 
•tnngth  augments  as  the  square  of  the  ratio  of  increase,  but  at  the 
same  time,  the  weight  of  the  materials  augments  as  the  cube  of  the 
increase. 

If  the  diroeDstons  of  a  beam  are  doubled,  it  k  four  times  stronger, 
and  eight  times  hearier;  or  if  it$i  magnitude  is  multiplied  4  times,  its 
•tretigtU  will  be  tnnltiplied  16  times,  and  its  weight  G4  times. 

la  eans«(^uence  of  unequal  ratio  in  increase,  the  wtrength  of  a  stnic- 
tare  of  any  kind  cannot  be  estimated  from  il^^  model  alune,  which  is 
dwaya  mucb  stronger  in  proportion  to  its  sijie  than  the  structure.  In 
ealajgiog  a  structure,  a  limtt  is  soon  reached  at  whieh  it  has  no  arail* 
able  strength,  iu  total  absolute  strength  being  required  to  support 
itAcIf  -  and  if  this  limit  is  passed,  it  will  fall  to  pieces  by  ita  own  weight, 
kft^  natural  and  artiGciat,  haTO  such  limits  of  magnttudo  whieh 
Ot  snrpiiita  while  their  matcrtak  rcniaiu  the  eame. 

Is  eoafgnaitj  to  ihU  principle,  small  *nim*I*  ure  ittrotisr*!T  'tun  largo  «i»e», 
m4  iniMtt  luaii  uniuiiiiJcDln  ftre>  enpaMe  uf  feaifl  of  alrunglb  and  ag^Uly^  which 
•rcis  okirmrnlom  irLeu  tf^nftlttt^d  iotu  the  pruportioni  of  man.  Thc'  opcrHlion 
qI  th«  ji»(u«  ]mw  maf  be  rnvn  by  «<»iiip«rlng  the  tttiKifildy  nior«mc<ttta  of  tha 
•lifjibaat  wiiJi  thn  litU«  ant]  tif  tire  tl^r,  or  the  «R«y  motiun  of  loni^-btrds,  nvd 
itM  «T9iry  «vruO|i  ibe  hawkj  with  ihe  L&bqmus  and  mea«iircd  Aight  of  th» 
MnM,  aad  ihn  pondnr  of  the  AndiM.  For  Ibe  t ijxis  re«Jon,  the  gigaoti^  aaoriiias, 
vkoiv  bQfiM  fcr»  meniidticii  by  geoWgiitfli  had  their  homti  ia  the  ooejin^  ifhsra^ 
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in  modern  times,  are  found  sea-weeda  of  interminable  length,  and  animals, 
whose  ponderous  mass  would  be  incapable  of  motion,  if  they  were  not  floated 
buoyantly  by  the  element  they  inhabits 

3  5.  Properties  of  Solids  depending  on  a  permanent  displace- 
ment of  their  Molecules. 

174.  Malleability,  or  tlie  property  of  being  wrought  under  the 
hammer,  belongs  to  many  of  the  metals  in  an  eminent  degree,  and 
upon  it  their  utility  in  a  great  measure  depends. 

The  following  is  the  order  of  malleability  of  the  principal  metals, 
when  extended  under  the  hammer ;  viz.,  lead,  tin,  gold,  zinc,  silver, 
copper,  platinum,  iron. 

The  property  of  extending  into  plates  in  the  rolling-mill  is  somewhat 
different  from  the  facility  of  extending  under  the  hammer,  and  is  pos- 
sessed by  the  metals  in  the  following  order ;  viz.,  gold,  silver,  copper, 
tin,  lead,  zinc,  platinum,  iron.  Malleability  varies  with  the  tempe- 
rature. 

Iron  is  most  malleable  when  it  first  attains  a  white  heat,  and  in  that  state 
huge  masses  of  it  aro  taken  from  the  furnace  to  be  forged,  the  metal  yielding 
like  wax  to  the  pressure  of  the  rolling-mill,  or  the  blows  of  the  hammer.  Zine 
is  most  malleable  at  300°  or  400°,  and  lead  and  copper  when  they  are  cold. 
Glass,  which  is  very  brittle  when  cold,  becomes  malleable  at  a  high  temperature. 
Gold  may  be  hammered  into  leaves  so  thin  that  a  million  of  them  are  less  than  an 
inch  thick.  Metals  lose  their  malleability  by  constant  hammering,  but  recover 
it  again  by  being  heated  and  slowly  cooled — a  process  called  annealtHg. 

175.  Dactility,  or  the  property  of  being  drawn  into  wire,  must  not 
be  confounded  with  malleability,  for  the  same  metals  are  not  always 
both  ductile  and  malleable,  or  do  not  possess  these  properties  to  an 
equal  extent.    In  general,  ductility  increases  with  the  temperature. 

The  following  is  the  order  of  ductility  in  the  principal  metals ;  viz., 
platinum,  silver,  iron,  copper,  gold,  zinc,  tin,  lead. 

Iron  may  bo  drawn  into  the  finest  wire,  but  it  cannot  be  rolled  into  plates  of 
proportional  thinness.  Tin  and  lead  possess  these  qualities  in  the  reverse 
order. 

17G.  Hardness  has  no  relation  to  density,  or  the  number  of  particles 
within  a  given  space,  but  depends  only  on  the  nature  of  the  particles, 
their  mutual  arrangement,  and  cohesion. 

The  metals  may  bo  scratched  by  glass,  which  is  far  lighter  than  most  of  them, 
and  among  metals,  density  is  not  connected  with  relative  hardness.  Alloys  aro 
uften  harder  than  either  of  their  constituents,  and  some  metals,  as  steel,  may 
have  their  hardness  modified  by  heat  at  pleasure. 

The  following  table  gives  the  scale  of  hardness  used  by  mineralogists, 
commencing  with  tale,  the  softest  crystalline  solid,  and  ending  with 
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tUanumd,  which  is  esteemed  the  hardest,  since  it  cots  all  other  bodies, 
but  nannot  be  cut  by  any  but  itself. 


Dog. 

Sotwtaoos. 

Deg. 

Sobitance. 

1 

Talc. 

6 

Feldspar. 

2 

Gypsum. 

r 

Quartz. 

3 

Cilo  spar. 

8 

Topaz. 

4 

Flaor  spar. 

9 

Sapphire. 

6 

Apatite. 

10 

Diamond. 

The  terms  hard  and  soft  are  seen  by  an  inspection  of  this  table  to 
be  entirely  relative,  since  each  succeeding  body  is  harder  than  the  one 
preceding,  and  yice  versa,  the  extremes  only  being  respectively  softer 
and  harder  than  all  others. 

We  employ  hardened  steel  to  cut  wood,  and  even  iron ;  emery  (the  rough 
sapphire)  is  required  to  cut  and  polish  steel  and  glass.  The  diamond,  set  in  a 
staff  of  metal,  is  an  efficient  tool  for  cutting  plates  of  glass  into  any  required  size. 
Eren  the  hardest  rooks,  as  porphyry  and  jasper,  are  readily  turned  into  any 
required  form  in  the  lathe,  by  the  use  of  a  diamond  properly  set  as  a  turning 
tooL 

177.  Brittleneas. — ^Bodies  which  are  easily  broken  in  pieces  and 
pulverized  are  said  to  be  brittle.  Such  are  hard  bodies  generally,  and 
also  many  highly  elastic  substances. 

178.  Hardening;  Temper;  Annealing. — When  certain  metals  are 
heated  to  redness  or  to  a  higher  temperature,  and  then  are  suddenly 
cooled,  by  plunging  into  cold  water,  oil,  or  mercury,  they  become  hard, 
brittle,  and  more  elastic  than  before.  This  process  is  called  hardening. 

The  effects  of  this  method  of  hardening  are  most  important  in  the  case  of 
steel,  since  it  is  in  virtue  of  this  quality  that  its  application  to  a  great  variety 
of  purposes  depends. 

When  steel  is  raised  to  a  high  heat  and  slowly  cooled,  it  becomes 
soft,  ductile,  flexible,  and  much  less  elastic  than  before.  This  process 
is  called  softening  or  annealing,  although  the  latter  term  is  more  fre- 
quently employed  to  denote  a  similar  process  of  removing  the  hardness 
produced  by  hammering,  and  other  mechanical  means. 

Softened  steel  may  be  hammered,  rolled  into  sheets,  drawn  into  wire, 
or  wrought  into  any  form  required  in  the  arts.  If  hardness  or  great 
elasticity  is  required,  the  steel  is  then  heated  to  redness  and  plunged 
into  cold  water,  oil,  mercury,  or  some  other  fluid,  by  which  it  is  rapidly 
cooled.  If,  as  is  generally  the  case,  it  is  then  too  hard  for  the  use  to 
which  it  is  to  be  applied,  a  portion  of  the  hardness  is  removed  by  what 
is  called  drawing  the  temper,  by  beating  to  a  lower  temperature,  and 
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till<>wmg  the  artide  to  cool  gradually.    The  proportion  of  hf 
removed  depenJa  on  the  tempernture  to  'Khich  tlie  artiulca  are  hea 
This  process  of  reheating;  and  cooliog,  hj  v^huih.  the  degree  of  hardneBi 
is  modified  to  suit  acj  spe<^ial  purpose,  is  called  Umpering. 

Colora  of  tempered  ateeL— Tbu  workmeu  carefully  obierpe  this  coti 

of  the  8tc«l,  aa  it  ie  rc'hciiited,  and  dt^tc'rnimc,  rrom  ttie  Lint,  whca  a  degree  of 
heat  It  obtained  suffltieut  to  produce  tbc  teiuficr  d»ired.    The  tints  which  do 
refp«Dd  *pproijiiiiitely  to  dbo  difTercot  ttjmperntnre*  ftfe  a*  roUow?  i — 


Light  fltrair,  42S^ 
Golden  jollow,  ilO** 
Oraage  yellow,  464.^ 


Violet  yolkw,  509* 
Purple  Tiukt,  5.^0 
Fe«ble  hlue,  550* 


B<jcp  bine,  fi03* 
Bea-greoti,  62C* 


I>iei  used  in  eoiDiDg  nsqulrti  to  bo  madd  of  the  hMdo«t  ste«U  File<«  h»v«  b 
a  verj  little  of  ihu  hardnesA  removed  bj  t^mpmag.  Jtuxora  iind  fifiie  c^utle 
arc  r&hqatcd  t^  ft  pule  jollotr;  penknife  bl&de«  to  a  ligbt  ttraw  color;  tabla 
stJerf*  wherti  AoKibUlt^  is  required  more  tb0.11  bardue»s,  in  reheated  to  rlolet  ; 
vatfih -springer  tu  a  full  bine;  coacli-npringH  to  a  dc>vp  blue. 

Temp^rlpg  by  a  bath.--In  tnanj  mapafactorica  Ihc?  r«qaicil«  heat  for 
tnenpt^ring  \»  dbtutued  b;  imiucriiiijf  the  hardened  steel  arlictes  ia  a  hath 
metnllie  alloyHf  mercury,  or  *>%  the  t«?tnperatiir«  of  which  can  he  eiactly  re 
Intod  by  a  tb«rtnijui.-lur.    Tbe  arlk'lea  to  be  tempered  are  placed  in  the  hath 
nrhich  i»  then  hfjiU'd  tu  {ha  rerjuircd  temperature,  and  then  allowed  to  eool 
slowly.    In  thi«  wrvy  a  great  nnmber  of  iirtielei  of  the  su^tne  kind  eati  l>« 
b>  Rfiiume  a  uiiifom  temper  at  small  expeaae. 

It  19  a  remarkable  property  of  atcol  that  when  it  is  heated  to  a  temperatu 
that  allttws  it  to  begin  to  bardett,  by  rapid  euoliug  i|  reeeires  tta  full  degree  u 
burdaeai?.  It  eanaol  "be  parliftlly  hardtined  at  any  lower  tcto per* lute.  A  li 
of  ft«o1,  heated  at  one  end  while  the  other  rvmainiB  cold,  will  b«  fonnd,  aft 
ra()id  ctuulingi  hardened  at  one  end,  with  a  ebarp  line  of  deraarkatian  hctw 
tbo  hard  and  loft  parta.  Where  it  baa  been  heatNl  lu  a  teniporaturo  insufficient 
for  hardening,  aad  It  then  rapidly  cooled,  it  i«  eeuvibly  enfl«oefL 

Temper  of  glaB«,^<ilass  undcrg^ft  the  siime  elmnges  hj  tempering 
m  steel  It  become?,  by  rapid  cooling,  more  brittle,  liarder,  and  kst, 
dease.  A  specimen  of  glass,  exQinined  by  Chevnudier  ivnd  Werlhei 
having  a  deoi^ltj  of  2*513,  acquired  bj  annealing  a  denBity  of 
For  hardening  glaaa  it  is  gul£cieat  lo  nlluw  it  to  cool  rapid! j  m 
open  nir,  by  moving  it  abir>iit.  Olafla^ware  is  anrtcnlod  by  passing  it 
slowly  through  a  very  long  oven,  eall&d  a  *'  htr,'*  the  end  where  it 
enters  being  nearly  a  red  heat,  and  the  other  extremity  nearly  cold. 
Witbfjtit  the  proceas  of  atinealing,  gta«a  utetisik  would  b«  almost 
worth  loss. 

Prince  Rtipett**  Dropa.— A  benutifal  illuflratbn  of  tba  propmie* 
UDaanealed  g^l^a  inay  be  seen  in  tbo  «cionti)ie  toy  called  Prinze  Rupi^rl'i  llro 
*r  Dutch  Tciini.   They  are  made  by  dropplog  tnellod  glaaa  inl*f  watcr^  hy  whi 
laeaat  it  11  suddenly  cooled  aud  heeomes  very  hard  and  tiritUe.    Xhoy  Uav< 
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form  t»iM:rttig  tt»  m  jtoint  nt  o06  elld«  fif.  130.    The  body  of  tbei« 
hcnf  •  lOtAri  0lr>jkc  from  sl  bammcr  fritbout  btcak- 
iif,  hut  if  #  portioa  of  the  smailtr  i>Dd     bf^ykcn  oCT  ibu  trhoit;  iiLHa» 
•  iJl  b*  lirokeD  iatit  ui  &ficoet  impftlpablo  powder,  with  il  violent 
tbij»;k.    Tbi!  Bol'iigna  via]  is  atiotbcr  siimilar  i-xiimfjk'. 

Tempenug  copper  aad  brouse. — Most  mctali  are  acted 
tm  hj  li<^t  «Dd  cold  ID  the  eame  njunner  a«  steel,  but  to  a 
len  extent  Copper  is  a  remarkable  exception,  since  ita 
pn>p#rtleA  m  this  respect  are  exactlj  the  reTer&e  of  those  tnanifeated 
by  iteeU  WbcD  (Mjpper  h  raptdlj  cooled  it  beeoto^  eoft  and  malleable, 
Imt  ytlum  h  is  slowly  cooled  it  becomea  b&rd  and  brittle. 

Bronte,  irliich  Is  an  alloy  of  copper  and  tin,  undergoes,  bj  change 
of  tempemturef  the  same  changes  as  copper,  but  in  a  more  remarkable 

A  recent  fracture  of  bronxe,  which  has  been  rapidly  ctfoled^  presents 
a  ycUow  color  ;  but  after  it  has  been  slowly  cooled  the  color  is  a  bril- 
tiant  white*  like  pure  tin.  It  is  thus  erident  that  hardening  and  anneal^ 
ing  cauM  diiferent  arrange  men  ta  of  the  particles  of  copper  and  tia  of 
which  the  bronee  is  cotn|K>«ed. 

119.  ga.mmerii3,g. — By  hAtameritig,  the  molecules  of  many  bodies 
ate  broil gbt  nearer  to  each  other,  so  that  their  density  is  increased. 
By  roUtng.  wire-drawing,  extension,  cowipreaaion,  bending,  IwistiDg, 
or  any  mechanical  means  by  which  the  limits  of  elasticity  are  passed, 
ehan^  wre  eSected  similar  to  those  produced  by  hammering. 

hmA  yields  ander  the  hunmcr  or  rolling-miU  without  iiTcr«a»tnf;  its  desiiily, 
bui  iu  denstt j  mmj  be  ipcreiifcd  bj  eompreafliiig  Iti  din,  or  id  attv  sittiMtion 
where  It  hta  do  tooxa  to  fpttsmi  out  utidLT  thci  aciLon  of  tbc  et)m])rot«ing  fort's. 

By  rn^ii  tii6«b*nieal  mtuna  lb©  phjui^nl  pr«pertie«  of  solid  bodies  andfrfd 
c)taa£«i  Aaul<:^;p^oiii  ta  those  produced  hy  bemperlag.  Thej  tureome  deme,  lenft* 
^MUy  liard,  brittk,  %&d  their  limit  oF  elutieitj  ( 10^)  is  incroftsed,  «]tbtmgh  Iboir 
slw^  forrat  i&  rinebuigrinl,  tts  wtt9  fihown  hy  Coulomb,  from  the  fact  that  tJieir 
vihrsLitioi  ID  either  eondiiioD  are  accuioitUflbed  iu  the  imue  iisan, 

Antknling  rvsiDrrt  the  tdciiili  to  the  ?ame  conditioD  u  before  lb«y  wero  sntr- 
nllied  u>  m«^bi»»k^&I  ftirre.  Iron  end  platinitin  require  to  be  freqaenUj  annei^lcd 
dorlnif  the  frcwesp  of  rtri»wing  imn  wire. 

1  gmrt  to  the  hroai«  pl«l«»      tfa«ir  armor  the  n«eea*(ury  hitrdoefrt 

\\  i,r.  It  ni-t'  imd  Imn  httfo  lieeti  hiirditat!'d  by  rallinif,  the  leimciiT  tknH  etssticiiTr 
%tt  not  ihi»  Mjunn  ia  hniU  ttirvi-t'ioni  uf  the  plutes^  and  r«tliiif  doc»  not  tnereafe 
th-  '  1  '  Ml  !o  i^rcat  a  degree  m  drawing  tato  wire.  M.  Navicr  fniibd  tUftl  n 
tti'i  iron,  hnifiD^  II  fMictton  ©f  on«  flqumrfl  TntlJimetr*',  re<iuirud  IQ  break 

l4  »  A-      '    f  10  kiloj;f»mme«.    When  it  had  been  rolled  into  thin  plHies, 
Klip  ene  in  the  dlreotiuo  of  its  length,  bftviojif  tho  R&tdc  pcrtiunal  unw,  reiiuired 
swvlgbt  of  II  k'tivgnttnmm  Un  break  it ;  but  only      kik'^rikmnicfi  if  eot  in  a 
tr»aavtr»f  dlreeiion. 

9\B«  m%rm  iti«1j»4  isto  eabliS  is  mad  t«  support  fuapeiicioB  bridg os,  W«QM 
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■ach  cables  are  much  stronger  than  the  same  amount  of  iron  in  the  form  of  rode 
or  coarso  wire. 

180.  Changea  of  strncttire,  affecting  the  mechanical  proper- 
ties of  metals,  take  place  spontaneously  by  the  lapse  of  time,  or  more 
rapidly  by  the  influence  of  heat  or  Tibrations. 

These  changes  have  been  principally  observed  in  iron.  When  this 
metal  is  recently  forged  it  is  very  strong  and  flexible,  and  its  fracture 
is  fibrous  and  of  a  dull  color ;  but  when  it  becomes  old,  or  has  been 
subjected  to  frequent  vibrations,  or  changes  of  temperature,  it  becomes 
hard  and  brittle,  and  its  fracture  is  coarsely  granular,  presenting  many 
brilliant  facets.  This  change,  often  seen  in  the  axles  of  railway  car* 
riages,  is  produced  by  vibration  combined  with  the  heat  of  fViction, 
especially  in  the  severe  weather  of  northern  winters.  These  facts,  well 
known  to  engineers  upon  railroads,  explain  the  necessity  of  running 
trains  at  but  moderate  speed  when  the  thermometer  indicates  a  tempe- 
rature near  to  zero. 

Similar  changes,  diminishing  the  tenacity,  take  place  in  chains  and  anchors, 
which  have  been  for  a  long  time  imbedded  in  ice.  Gay  Lussac  has  observed  bars 
of  iron,  which  became  almost  as  brittle  as  glass  by  remaining  for  a  long  time 
at  a  high  temperature  in  an  oven. 

Some  curious  results  produced  by  vibration  were  discovered  by 
Savart,  who,  having  caused  strips  of  glass  and  bars  of  metal,  drawn 
into  wire,  to  vibrate  in  the  direction  of  their  length,  found  that  they 
gave  out  at  first  very  indistinct  and  confused  sounds,  but  on  continuing 
the  experiments  for  a  long  time  this  confusion  gave  place  to  clear  and 
distinct  tones,  which  were  obtained  with  ease. 

Brass  wire  strained  like  the  strings  of  a  piano,  where  it  is  exposed 
to  atmospheric  changes  and  constant  vibration  from  currents  of  air,  in 
a  few  months  loses  its  tenacity  and  becomes  completely  friable,  show- 
ing in  its  cross  fracture  a  radiated  structure. 

Annealing  produces  the  same  effect,  in  this  respect,  as  vibration.  Substances 
cast  in  the  form  of  plates  do  not  resound  well  until  after  the  lapse  of  several 
days.  Sulphur,  cooled  in  the  form  of  a  disc,  does  not  at  first  give  out  a  clear 
sound,  but  after  a  time  it  vibrates  readily,  and  after  the  lapse  of  some  months 
the  sound  emitted  is  very  much  changed.  This  proves  that  there  has  been  some 
modification  of  structure. 

§  G.  Collision  of  Solid  Bodies. 

181.  Motion  communicated  by  collision. —  When  two  solid  bodies 
come  into  collision,  the  motion  is  redistributed  through  them,  whether  one 
or  both  bodies  are  in  motion. 

1.  If  the  bodies  are  soft  and  tenacious,  or  if  the  shock  is  not  bo 


ail  to  overcome  the  tt?ii{Mi'itj  «f  otic  or  both  liodict,  they  tkcquire  a 
tm  tnciti<.in,  tiiid  move  tn  uoutact  ns  ohq  body,  na  Btatcd  under 

%  U  til©  bodieft  are  hard  and  iaclastlc,  and  the  collbion  Itilses  place 
•i  onlj  a  smoJl  fwrtion  of  the  surfaces,  and  if  ih©  shock  h  m  great  as  tn 
ovcroome  th«  tODacity  of  one  or  both  bofJiea  before  motiaD  is  uniformlj 
<^itril»iite4  through  the  masseB,  thej  •will  be  broken  iti  pieces,  and  the 
fini^etitt  fcattered  id  diflerent  directions, 

3.  if  the  bodies  arc  elastic  that  motion  may  be  distributed  through 
the  msL»s  before  the  limit  of  ^to^licitj  is  pas^od,  a  reaetiDn  will  take 
piftcc,  aiid  the*  clasllettj  wilt  modify  the  di&tribufioD  of  motion. 
182.  Direct  impact  of  elaatic  bodies, — When  two  citwtic  splier*- 
Wltea  m  and  m'.  lig,  131,  come  ipto  colHsion,  while  moving  id  the 
efttraight  I'loc,  thej  will  undergo  compression  or  flattCDing,  as  fihown 
in  the  figure,  luid  their  centres  will  continue  to  appronch  each  other 
itotti  tliey  «cqitir«  a  eoinmDa  velocity  (U2).    Thta  vebetty  ie  repre- 

Moted  by  «  =  — u  and  t^"  being  the  Totoeittes  before  impiict, 

m  ^  %fi 

and  c  the  common  velocity  of  their  centres  of  gravity  at  the  inetoot  of 
greatest  cotDpression.  If  the  limit  of  etasticilj  hua  131 
noi  lieen  poased,  the  elaEttcity  of  the  two  bodies 
*in  now  act  M  an  internal  force,  causing  their 
eentres  of  ^vity  to  recede  from  each  other,  until 
the  biMlles  recover  their  original  forms,  whea  they 
•epwrat^t  and  ibe  shock  terminates. 

l$3s,  Modtiltts  of  elaaticity. — When  two  elastle  bodies  raeet,  the 
force  with  which  they  are  urged  towards  each  other  is  called  the  furce 
*/  e(ymprt9tion ;  the  force  of  elasticity  causing  their  centres  to  recede 
during  the  second  in  terra!  of  the  shock  is  called  the  f&rctfif  restitution; 
the  ratio  of  these  two  forcea  ia  called  the  modulus  of  elasticiti/.  When 
this  ratio  is  unity,  or  the  force  of  restitution  is  equal  to  the  force  of 
eampres*lon,  the  bodies  are  said  to  bo  jmfeciltf  dwftic.  When  Ibia 
ratio  is  tero,  the  tiodiea  are  said  to  lio  inelastic.  For  any  value  of  this 
ffttb,  bctweea  the«e  extremes,  the  bodies  are  suid  to  be  impafccft^ 

There  are  no  bodies  known  that  are  perfectly  elftstic,  or  perfectly 
inelastic  \  beocet  in  considering  the  collision  of  solid  bodies,  it  is  neces^ 
tory  to  take  into  account  the  degree  of  eliisticity  which  they  possess. 

The  fidh'wiog  table  eshibits  the  degree  of  elasticity  of  several  com- 
moti  EiibfiUnces,  perfect  cta«ticity  being  taken  as  unity. 
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Sabftonecs. 

DegfM  of  elasUdty. 

Substaaeas. 

Dsgree  of  elasticity. 

Glass,  .... 

094 

Bell  metal,  . 

0-67 

Hard-baked  clay, 

0  89 

Cork,  .... 

0-65 

Ivory,  .... 

081 

Brass,  .... 

0-41 

Limestone,  .    .  . 

0-79 

Lead,  .... 

0*20 

Steel,  hardened,  . 

0-79 

Clay  Just  yielding ) 

0-17 

Cast-iron,   .    .  . 

0-73 

to  the  hand,  J 

Steel,  soft,  .    .  . 

0-67 

•  184.  Velocity  of  elastic  bodies  after  direct  impact. — If  tvro 
imperfectly  elastic  bodies,  m  and  m^,  move  in  the  same  straight  line 
with  velocities  u  and  u^,  u  being  greater  than  u^,  the  first  body  will 
overtake  and  strike  against  the  second  with  the  same  force  as  if  the 
second  body  were  at  rest,  and  the  first  body  were  moving  with  a  velo- 
city equal  to  u  —  u^.  The  two  bodies,  being  elastic,  will  suffer  com- 
pression until  they  acquire  a  common  velocity, 

mu  -f  m^u^ 
m  -\- 

The  velocity  lost  by  m  at  this  instant  will  be  u  —  z,  and  the  velocity 
gained  by      will  be  z  —  u^. 

Let  e  be  the  modulus  of  elasticity,  and  v  and  c'  the  velocities  of  the  two  bodies 
after  they  recover  their  original  forms  at  the  close  of  the  second  period  of  the 
shock. 

Since  the  forces  of  compression  and  restitution  are  in  proportion  to  the  velo- 
cities they  generate  or  destroy,  the  velocity  destroyed  in  m  by  the  force  of 
restitution  will  be  «  (u  —  x),  and  the  velocity  gained  by  m',  by  the  force  of  resti- 
tution, will  be  e  (x  —  w'). 

Hence  the  whole  velocity  lost  by  ni  will  bo  (1  -j-  e)  («  —  jr),  and  the  whole 
velocity  gained  by  m'  will  be  (1  -f-  e)  (x  —  u').  The  velocity  of  m  after  impact 
will  be 

c  =  u  —  (1  +  «)  («  —  x)  =  X  —  e{u  —  x).  (o) 
The  velocity  of  m'  after  impact  will  be 

1^  =  «'  +  (1  +  «)  (X  -  «')  =x  -f  e(x  -  u').  {b) 

Substituting  the  value  of  x  in  the  formula  (a)  and  (6),  and  reducing,  we 
obtain 

mn  -i-  m'u'      m'c(H  —  u') 


m  -f-  in' 

mu  -f-  m'u' 

v'  =    .  ■  + 

m  4-  m'  ^ 


m  -f-  m' 
me(u  —  «') 
TO  +  m' 


If  the  two  bodies  move  in  opposite  directions  before  impact,  we  most  make 
either  u  or  u'  negative  in  the  preceding  formulse.  If  one  of  the  bodies  ii  at  rest 
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before  imputy  »'  becomes  zero.  If  e  =  1,  the  formulae  represent  the  conditions 
of  perfectly  elastic  bodies,  and  if  «  =  0,  the  formulae  will  apply  to  inelastio 
bodies. 

From  the  preceding  formulas  we  may  deduce  the  following  general 
conclusions : 

1.  If  two  bodies  are  perfectly  elastic,  their  relcUive  velocities  before  and 
after  impact  are  the  same. 

Making  «  =  1  in  (a)  and  (6),  and  subtracting  the  latter  from  the  former,  we 
have, — 

e  -—     =  «'  —  u. 

2.  If  ^  bodies  are  perfectly  elastic  and  equal,  they  wiU  interchange 
velocities  by  impact. 

Making  m  =  m',  and  e  —  1  in  (c)  and  {d), 

»  =  i(tt  +  I.')  —  i(tt  —  ti')  =  «'. 

r'  =  i(«  +  «')  +  i(« -«')  =  «. 

3.  By  the  impact  of  bodies,  lohether  elastic  or  otherwise,  no  motion  is 
lost. 

Multiplying  (e)  by  m,  and  {d)  by  m',  and  adding  and  cancelling  similar  terms, 
we  have 

mv  -\-  mV  =  mu  -\-  m'u', 

in  which  the  first  member  of  the  equation  is  the  sum  of  the  momenta  of  the 
two  bodies  after  impact,  and  the  second  member  the  sum  of  their  momenta  before 
impact. 

4.  TJie  velocity  which  one  body  communicates  to  another  at  rest,  when 
perfectly  elastic,  is  equal  to  twice  the  velocity  of  the  former,  divided  by  one 
plus  the  ratio  of  the  masses  of  the  two  bodies. 

In  formula  {d)  lot  m'      rm,   u'  =  0,    and  e  =  1,  we  shall  then  obtain 


6.  When  a  body  in  motion  strikes  another  equal  body  at  rest,  both 
bodies  being  perfectly  elastic,  the  first  body  comes  to  a  state  of  rest,  and 
the  second  flies  off  with  the  previous  velocity  of  the  first. 

If  the  two  masses  are  equal,  r  -  -1  in  the  last  formula,  and  v'  =u. 

Scholium. — If  a  series  of  perfectly  elastic  balls  are  arranged  in  a 
line,  and  all  are  in  contact  before  impact,  except  the  first,  which  is 
made  to  strike  against  the  second,  all  the  balls  except  the  last  will 
remain  in  contact,  and  at  rest,  after  impact,  and  the  last  will  move  off 
with  the  velocity  of  the  first. 
16* 
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135.  TransmiBaion  of  shock  througli  a  Aeti«a  of  elastic  balln. 
Experimental  iUujtratioa  of  elasticity.— If  Beveral  eqiiiU  h 
bails  are  BUfipeadetl,  us  kIiowji  in  Gg. 
132,  wlicn  1  h  drawa  back  to  a,  and 
lot  fpJl  Rgninst  2,  only  the  last  ia  the 
Beries,  7*  will  move;  this  will  atiirfe 
with  tlie  felticitj  which  1  had  at  the 
iD^taDt  of  striking  agalDst  2,  and  it  - 
will  fly  off  to  the  position  6,  «t  a  dis- 
tance equal  to  the  limit  to  which  the  first  had  been  drawn  back  i  it  will 
then  return  striking  against  G,  which  will  again  be  set  in  motion,  all 
tlio  othera  remiiining  at  rest.  This  alternate  moi-ement  of  the  extremt 
hrtlla  of  the  series  will  continue  until  friution,  and  the  resistiince  of  the 
air  conspiring  with  the  slightly  imperfect  elasticity  of  the  ballS|  at  length 
the  action  to  cease. 


Problema. — BlaAticity  of  Temilon. 


T4.  A  roct»t)gu1ar  bar  of  iron  vhoso  trajiEvcTse  aeetlon  li  vo«  i(|ii«r« 
metn,  and  wbaae  length  U  three  feet,  la  sutip^Dded  with  ita  upper  extTemitjf 
ftttuh«d  to  A  firm  inpport :  wbat  Wdigbt  maat  b«  iii«pe»d«d  At  it«  li?*r«r  extremity 
to  cause  a  tempo rftrj  elongftlitMi  of  ooe^fottrth  of  aa  inch  wfaea  tb«  t«tQp«rr»tur« 
U  ti'>  F.,  60»  F.,  212^  F.,  M2«  P.? 

This  problem  iniij  be  «otTed  far  rvdi  vf  »nj  of  the  metala  meDtioned  in  tb*i 

75.  A  rectangalar  bnr  of  bfimmotiod  brn^a  2}  Tect  la  IcmgLb,  «a$pet)df:i]  bj  its 
upper  oxtremitjj  supporte  a  nciglit  of  75  kilogrammeB :  how  much  will  it 
ttituporariljr  elongiiiad  whuu  tbi;  tctuperutare  is  raited  (o  392'  I*,  f 

Elasticity  of  Flezme. 

78.  If  a  beam  10  feot  long,  a  im-hes  wide.  And  0  iooh«  in  depth, 
certuiu  amount  of  flexure  whon  one  end  ia  firmtj  Bupport^d  ia  a  wall»  what 
wislgbt  will  be  required  to  give  an  ei|ual  flexure  to  anotber  beam  of  tha  tame 
matDrial,  15  feet  long,  4  mchts  tridti,  and  1^  in(b»  in  depth? 

T7.  What  weight  vutpc^nded  at  the  taiddio  of  tbo  Injit-rocnLiotic^d  hetim  will  be 
required  ia  produce  ao  equal  amount  of  flexure  wbea  the  bcitm  ie  fupparied  at 
both  ends? 

Tenacity. 

78.  How  tnany  poande  weight,  tuirpendcd  by  «  stcol  wire  li*njr"*g  vcrlicjillyJ 
will  bo  required  to  break  It  wheo  ibo  wire  ia  oDo-fourtb  of  on  inch  in  dianietorfj 
Calculate  for  botti  Leajpcrvd  imd  utiteuipered  iteeL 

19.  Ia  »  peodulMU)  ejipisriiDiiul,  it  h  tequJred  to  putpend  it.  weight  of  04  lbf» 
bj  a  (>rippt>r  wiris>  Whnt  musi  bu  tbo  ilinmetcr  of  tbe  wirei  wben^  for  the  sak* 
&f  tecurilj,  ^  ia  doduclcd  hittu  km  atrcaj^th  ah  gtv^n  hj  the  tabln  T 


Trauftverse 
If  »  heiim  of  «ak.  0  ia«hM  Vid« 


Strength. 

9  iueUes  iu  dvptU,  prt»je«ti  20 
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from  a  waII  in  which  it  ia  «eciired,  wbfit  w«igbt  inipSBded  *t  the  end,  as  in  Gg. 
12i^,  will  bo  required  to  br«ak  itj,  no  accouDt  being  t^ken  of  the  weight  of  tbe 
beam  itself? 

SI.  What  weight  will  be  reqalred  to  break  *  cylinder  of  cm  t  iron  2&  feet  long, 
having  u  external  diatneter  uf  3  feut,  dtid  aa  iiit«rtial  diameter  of  20  inchea,  the 
weight  being  aqpported  at  ibo  eitremily  f 

82,  Whttt  weighty  plapedl  at  the  centre  of  the  greater  epiin  of  the  Britannia 
Tabalar  Bridge,  would  be  required  lo  break  it,  ealliug  tha  breadth  uf  iho  tubo 
17  feel,  height  30  feet,  calculating  for  a  single  thickocsa,  i  of  an  inch  of  plate 
iron,  and  e*tim»ting  the  tcuucity  equiil  to  a,  force  of  60,000  Ibi.  to  tbo  square 
iucb  ? 

B3>  Deducting  from  the  weight  found  in  the  lait  problem,  the  weight  of  one- 
bair  tbe  length  of  tube  8[janQing  the  grealer  opening,  and  estimating  the  work- 
ing load  j  the  breaking  weight,  bow  beavj  a  trmn  might  flafdj  erosa  the 
Britannia  Bridge? 

Bi.  How  bearj  a  trnin  may  enfcly  ctosa  the  Yietoria  Bridge  {]'t2],  if  the 
Ibiekness  of  the  tube  at  the  centre  la  1  an  inch,  and  if,  diiregardbg  the  weight 
of  the  tabe  itielf,  tho  train  is  limii^d  to    the  absolute  tenaeity  of  tbo  structure? 

8A.  What  weiglit  can  be  nuttained  nt  the  middle  of  the  ■trongcit  rectangular 
boaui  th&t  can  be  eawth  froto  a  birch  log  2  feet  in  diameter,  aud  3Q  feet  longj 
reckoning  the  weight  of  the  timber  nine-tentha  tbftt  of  wnter? 

Impact  of  Elastic  BodioB. 

SA.  Two  glais  epheres  weighing  12  os.  and  7  os.  rejpectivelj,  move  in  Iho 
ia<ne  direciion  with  velocitiefl  uf  B  feet  and  ^  feet  in  a  seconds  Find  the  respec- 
tive  relociiies  of  the  two  balls  after  impact^  and  their  common  velocity  at  the 
inatant  of  greatest  con  den  nation. 

Tbif  problem  maj  be  variEd  by  sabatituting  for  gla:??,  balli  made  of  eaeh 
•ubatance  whoi«  degree  of  clantidty  is  gircn  in  the  table  ( 

87.  A  perfwlly  elaetic  body  iw,  moving  with  a  velocity  of  1.2,  lEnprogcs  ftn 
another  perfi^ctly  el&slie  body,  m',  moving  in  the  opposite  direction  with  a  vela, 
eity  of  5  ^  by  itnpoct  m  loae^  ene-third  of  its  momeutum.  What  are  Ibo  relative 
weightB  of  the  ma«»cs  fn  m'? 

ea.  A  body,  m  {=  Sm'),  iraplngea  on  »i'  at  rest.  The  vcloeity  of  m  after 
impact  is  |  of  ibi  Telocity  before  impact.  Ee(|aired  the  value  of  e,  the  madolua 
of  elaatieity. 

89.  Two  bodlei  m  and  m',  whose  eja?ticity  is  f,  moving  in  oppoiite  directions 
with  veloeitieB  of  2&  and  26  feet  per  seeond  reBpeclively,  impiuge  directly  upon 
each  other.    Find  the  distance  between  them  4^  aeconda  alter  impact. 

90.  A  numtxir  of  perfectly  elastic  halts  are  placed  in  a  right  line.  The  firit  li 
made  to  alart  with  a  given  veltjcity ;  determine  tho  ratb  of  the  haMji  bo  that  id 
matnentum  may  be  oqnally  divided  among  the  remainder. 

91.  An  elastic  ball  falls  from  a  height  of  40  feet.  IIow  high  will  it  reboand, 
itippeiingtbat  one-flfth  afthe  final  velocity  !■  loii  at  the  itnpAet  in  coniequence 
of  imperfect  ejaaticity  ? 

»2.  An  ivory  ball  falls  from  m  eleyotion  of  tOO  feet,  With  what  vdoeity  muat 
another  ■imilar  ball  be  projected  upward  in  the  eame  vertical  lino;,  that  after 
Ibe  two  bftJli  meet,  the  firit  ball  may  re  Cum  to  the  same  elevation  from  wbick 
it  fell? 
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CHAPTER  III. 
OF  FLUIDS. 

HTDRODTNAMICS. 

I  1.  Hydrostatics. 

I.   DISTINOUISniNO  PROPERTIES  OF  LIQUIDS. 

186.  Definitions. — Fluids — Hydrodynamics. — Fluids  are  bodies 
in  which  the  attractive  and  repulsive  forces  (146)  are,  1st,  either  in  per- 
fect equilibrium,  producing  liquids  or  indasiic  fluids ;  or  2d,  in  which 
the  repulsive  force  holds  sway,  producing  gases  or  elastic  fluids. 

Hydrodytiamics  treats  of  the  peculiarities  of  state  and  motion  among 
fluid  bodies,  both  liquids  and  gases  (15).  It  is  subdivided  into  hydro- 
statics, or  fluids  at  rest,  and  hydraulics,  or  fluids  in  motion. 

187.  Mechanical  condition  of  liqaids. — Liquids,  owing  to  the 
slight  cohesive  attraction  among  their  particles,  possess  no  definite  form, 
but  adapt  themselves  to  the  shape  of  the  containing  vessel.  This  is  a 
necessary  consequence  of  the  perfect  freedom  of  motion  among  the  par- 
ticles of  a  liquid.  Liquids  vary  very  much,  however,  in  the  degree  of 
their  fluidity,  as  between  thin  mobile  liquids  like  alcohol  or  water,  and 
thick,  viscous,  bodies  like  oils  and  tar.  In  viscous  bodies,  the  imperfect 
fluidity  is  a  consequence  of  the  only  partial  ascendency  of  the  repulsive 
force,  leaving  still  a  notable  amount  of  cohesion  among  the  particles. 
Heat  serves  to  increase  the  repulsive  force,  and  so  converts  viscous  into 
thin  liquids. 

Liquids  and  gases  are  conveniently  distinguished  as  non-elastic  and 
elastic  fluids,  but  this  distinction  is  not  absolute,  since  all  liquids  possess 
some  elasticity,  more,  usually,  than  belongs  to  the  solid  state  of  the  same 

bodies, 

188.  Elasticity  of  liquids. — Compressibility. — We  have  already, 
in  sec.  21,  illustrated  the  compressibility  of  water.  The  researches 
of  Canton,  in  17C1,  Oersted,  in  1823,  and  others  of  later  dates,  have 
proved  that  all  liquids  are  slightly  compressible.  The  piezometer 
(rttflw,  to  press,  and  fietpw,  a  measure)  is  an  instrument  designed  to 
measure  the  compressibility  of  liquids.  Oersted's  apparatus,  fig.  133, 
consists  of  a  strong  glass  cylinder ;  twenty-four  or  twenty-five  inches 
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1kti|^t«  toouoted  on  a  slanti :  the  upper  part  is  ttccum-tely  closed  by  a 
Ihroagh  whiuh  piwsea  tlie  funnel  tube,  R,  to  supply  the  vessel 
with  w»wr,  ftnd  a  cjliuden  furnisLeii  with  a  piston,  moving  by  the 
•CteW  P.  lu  tlje  ioleriur  is  a  Tessel  A,  containing  the  liquid  to  be 
PNDpiMcd,  linrtng  a  capillary  lube  at  its  upper  part,  which  boinJs  and 
^Mpends  to  the  mercury  U,  contiiined  in  the  lower  part  of  the  vessd. 
Thb  cnpillnrj  tube  la  subdivided  into  133 
iqual  pnrts»  and  tlia  number  of  these 
parta  the  vessel  A  cao  coDtaiii,  h  accti- 
ratelj  determined.  There  is  also  in  the 
interior  of  the  cylinder,  a  tube  of  glas?, 
B,  funiiBh^d  with  a  graduated  scate,  €; 
ihhi  tube  Sb  closed  at  its  upper  end,  nnd 
Us»  its  lower  end  immersed  in  tlie  mer- 
,cary,  0«  Tlus  tube  ts  called  a  mano- 
r  and  Ls,  when  at  rest,  nearly 

ftll«d  with  ttir. 

In  oHrr  tn  ekperltfieot  with  th'tt  apparaliia, 
ibv  rcRitU  A,  wiih  the  iiquiif  tft  be  cam- 
m1.  &Pil  tiy  mv»n»  of  the  fuaDul,  H,  GIL 
t^e  rjliodcr  with  watcr^  h«Tiii|;  prcrioudl^ 
c4  to«rciir7  iii.  iu  lower  fiart.  Titrfiiag 
^tln  Kttw,  P,  tb«  piftoD  deicendi ;  In  «<ni«e- 
f-%wmre,  thv  %ir  in  the  tube,  B,  U  c»intir«flJKid, 
the  tueri'Ury  ii  Dlt^V]|ted  ;  the  df-'gree  ot 
[•ttVliioiii  ehaw»  Lbo  nixiQUDt  of  presiure  nt 
UM  IjaMt  tb«  mtieiiTy  risea  Ui  the  cupil- 
llwjr  iMbt,  tad  iciTVf  the  meiwire  of  tie 
liwdnB  of  tha  li4|n)d  in  A< 

Sti|ifM>iin|;e»ch  dir  inion  of  the  capillary 
tube  held  but  a  mitllutitli  part  m  mach  aa 
jtb*  vonel  A,  ihen  if  ttio  licjuid  to  ha  cum-  ~ 

ed  WM  watisr  (at  tUe  pressure  of  one  uttnortpbere),  we  ahould 
oWnre  the  wiercnry  to  ri&e  between  4*)  and  SO  divisions. 

There  h  <»ne  correction  to  bo  made  in  the  observations  obtained  by 
thia  'mstruBient ;  it  might  Ijo  supposed  that  the  capacity  of  A  would  be 
int-mriable.  the  estcrior  and  interior  walls  being  compressed  eijiiHUy  by 
the  Itqiaid.  but  it  h  not  io ;  the  interior  capacity  of  the  y&ae  undergoes 
Uit  nuae  diminution  m  would  a  body  of  gla^s  of  tbe  same  form  and 
lf<»1itaitf«  (lubmlttctl  to  the  same  pressure.  Thifi  dimmutinn  aniouf^ta 
b  abmit  33  ten  tnilliimths  (T^.glj.svs)'  '^i^  prim  t  tire  volumej  for 
Moh  mttnofiphere  of  pressure. 
This  c|oai3ttt5  can  be  cnkukted  in  any  case»  as  well  for  glass  as  for 
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copper  and  brass  (the  three  materials  used  in  the  improved  piezometer 
of  Kegnault),  from  the  known  elongation  of  rods  of  these  substances 
at  the  same  tension,  according  to  the  laws  of  Wertheim  (100).  M. 
Grassi  {Ann.  de  Chimie  et  Phya.,  3*  S6rit.  Tom.  XXXI.,  p.  437)  has 
lately  revised  the  results  of  Oersted,  Canton,  and  of  Messrs.  CoUadon  and 
Sturm,  on  a  great  number  of  liquids,  and  at  different  temperatures. 
The  compressibility  of  water  diminishes  with  increasing  temperatures. 
On  the  other  hand,  heat  increases  the  compressibility  of  alcohol,  ether, 
chloroform,  and  wood  spirit. 

Salt  or  sulphuric  acid  diminishes  the  compressibility  of  water  in  pro- 
portion to  the  quantity  dissolved,  but  for  a  given  density  these  solu- 
tions obey  the  same  order  as  pure  water. 

Grassi's  principal  results  are  given  in  the  following  table,  the  com- 
pressibility being  parts  in  a  million  at  a  pressure  of  one  atmosphere : 


Liqulda  naed. 

Temperatttr*. 

ComprcMibnitj. 

Prewnre  ta  *tmm^ 

plMTM  «HplOJ«d. 

32°  F. 

0-000,00295 

32° 

0  000,050-3 

Do  

77° 

0  000,045-6 

Do  

128° 

0-000,044-1 

32° 

0-000,111-0 

S-408 

Do  

67° 

0-000,140-0 

1-680 

45° 

0-000,082-8 

2-302 

Do  

65i° 

0-000,090-4 

1-570 

Wood  spirit,     .    .  . 

66° 

0  000,091.3 

Chloroform,  .... 

47° 

0-000,062-5 

Do  

64° 

0  000,064-8 

1-309 

It  appears,  that  of  all  liquids  tried,  mercury  has  the  least,  and  ether 
the  greatest,  ratio  of  compressibility.  The  pressures  were  carried  to 
the  great  extent  of  220  atmospheres. 

Elasticity. — It  is  hardly  requisite  to  remark  that  the  return  of  com- 
pressed liquids  to  their  original  bulk,  on  removal  of  pressure,  is  proof 
of  an  elastic  force  in  them  equal  to  their  ratio  of  compressibility. 

Conaeqaences. — It  follows  from  what  has  been  said, —  ' 

First.  That  the  molecules  of  liquids,  owing  to  the  entire  freedom  of 
motion  among  themselves,  are  in  equilibrium. 

Second.  That  liquids  possess  perfect  elasticity,  and  a  slight  degree  of 
compressibility. 

Let  us  now  farther  considor  tho  necessary  consequences  of  these  mechanical 
conditions  of  liquids,  both  independent  of  gravity,  and  also  with  reference  to 
that  force. 
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TL  TItAKSIIISSION  Of  FKESStritl  IN  LIQUIDS. 

Llquidjs  tianemit  preasuie  ^quallj  in  all  directions. — 
tranamil  in  uU  (lirecliona,  &nd  wi(h  the  jtame  inknsiii/,  the  prcs- 
*Htd  071  finy  }}oint  of  tkcir  rnanf, 
ih  important  tlieorcm  wos  first  clpnrly  announced  by  B.  PascaJ. 
fig.  lo4  l>e  a  vested  fitlcij  with  a  Ikiukl,  and  fnrnbhed  whh  a  num- 
cjlinderB,  io  eacli  of  which  is  a  well-fitting  piaton.  Tlie 
iiquid  are  both  a-isumed  to  bo  without  weight,  conae<|iieiitlj 
1M  of  Uie  pifltOTiB  have  auy  tendeni^  to  nanve.  If  preaaure  is  applied 
the  pUtoti  Af  it  wUl  he  furced  in  ward  f;^  and  the  other  pistons     0,  D, 
id     of  eqn^l  area,  wilJ  each  b*  forced  outwards  witli  the  aanae  prea- 
tbstif  the  pistoa  A  was  pressed  iDwarda  with  a  farce  of  t>ne  pound, 
lid  be  fi>uiid  necessar^r  to  apply  a  force  IM 
pound  to  each  of  the  olh^r  piBboo^, 
»r  lo  keep  them  in  their  place.  If 
of  B  and  €  was  two  or  three  timea 
A,  dten  the  pressure  upon  them 
be  two  err  three  times  as  great.  We 
iDOt  perfectJj  demonstrate,  that  llqnida 
preseure  etpiQlbj  in  all  dtrectious 
fbeean^  we  eannot  obtain  for  experiment, 
I*  wontd  be  nece«&arj,  li<|iiida  without 
weight,  and  piMt4>DS  workiag  without  fric- 
tioa).  but  thot  this  pressure  m  exerted  in  all  directionji,  ia  s!mwn  bj  the 
iSnrple  ttppftratu^^  fig.  135,  consisting  of  a  cylinder,  furniah^d  with  a 
^iton  ^d  tertninated  bj  a  sphere;  on  this 
phere  arc  placed  email  tubeii,  jutting  out  in 
%tl  directions;  upon  filtiug  the  sphere  and 
ejhndpr  with  water,  and  frcasing  upon  the 
piston,  the  water  is  f  jrt'ed  mu  from  each  of  the 
jotfl  with  equal  eutT^.    This  ts  a  necessary 
tcQiu^qiMiiot  of  the  meiiii anient  (Mnslitation  of 
[tiqmda  (IS?}* 

Let  A  repre»ent  the  area  of  any  portion  of 
the  inner  unr face  of  a  ve«Bcl,  and  A'  that  of  any 
Mlicr  portion  of  the  iame  vessel,  white  P  and 
the  preMureft  esertcd  on  thcso  surface* 
^tir^y  hy  any  furce  of  cumpresiJon  on 
til}  u  id,  and  we  hare 

it  bIm>  fulloiri  that  thia  dpreaaion  represcntt*  correctly  the  prctsure 
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oterted  on  any  solid  boclj  plunged  m  the  liquid,  as  well  as  for  boj  p 
of  the  sectional  area  of  the  Hriuld  itself.    Ile^nce :  — 

The  aitit'e  pressure  mstained  by  antf  surjhee  is  pTfiporiimat  to  it«  a 
"iind  tliiis,"  Bays  Piiscal  in  Uia  7\mli*€  *m  the  EquiUbrium  of  Fluti 
it  iippeary  that  a,  vessel  full  of  water  h  a  nevr  Prirtutpl^  ia  Mcdliatii 
and  a  iigw  Machine  which  will  multiply  force  to  any  degree  we  choose* 
Piistal  also  referred  the  equiHbrium  of  fluids  to  tUo  principle  of  tirlu 
velocities  which  regulates  the  cqailibrium  of  other  mftishine^  (105), 

190.  The  B  ram  ah  Hydrostatic  Presi, — This  powerful  npparat' 
depemts  upon  the  principle  just  annouoeed. 
Want  of  good  workmauship  alone  prevented 
FuAcal  from  realizing  iih  conceplioa  of  lh»» 
machine  (in  1653),  aa  wa«  long  after wai^ 
(A.t>.  1T96),  done  by  Brnmah,  at  Londoa. 

As  the  form  of  the  vessel  has  no  iiiflaeuce 
on  the  equal  transmission  of  pressures^  and 
the  point  of  application  of  force  may  he 
eitujited  at  any  convenient  distance  froui  the 
pre»s,  it  is  plain  that  the  mechanician  can  use 
ihm  principle  ns  circuuietancee  demand,  Thu^,  in  fi^.  luG,  tlie  piston  a 
may  be  to  the  larger  one  £>  c  as  1  :  20,  and  hence  a  preseure  of  one  pound 

137 


«xert«d  on  a  will  riw«e  b  e  with  a  force  of  twenty  pounde,  and  convt^rsu! 
ftny  prefifiufe  exerted  on    e  will  he  diminished  twenty  fuld  at  a. 
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fufwog-littiiip.  A,  ID  wliiob  Lii  a  ]Jtatau  witrketl  hy  n  k-ver,  Tbis  pwrnp  cotnmutil- 
rt1«a  w iiii  »  Ur^  and  uLrutig  cjlidilriuil  rcscr*oir,  B,  by  a  tub&  iriditftiet!  b/  tlm 
dotted  lino*  in  th>«  Ggare.  In  Lhi$  pjlmdcr  »  water- Itgbt  pistuii  maveif,  beariug 
itt  it*  a|>|MT  Bud  «.  It  At.  tueUlHc  pliktf,  botwDeo  which  uud  th«  top  of  tbu  fraiuoj 
1>,  ill*  aulHilAoe«,  Mj  to  bu  compraffsed,  is  placod. 
Tho  vjHci(Jen  are  filled  by  meadLi  uf  tbu  cuf  ved  tube  one  cad  uf  Mrhich 
to  k  ctrntAlaiiig  trulcr.  or       tJnj  ptUer  tcmtdatcs  m  tha  huvrvl  A, 

ud  h««  4  AI  iU  «iitl  opcnli)];  upwards.   Tbi^  valvo  qpcofl  wbcc  flie  piatoa 

ia  niMd^  ibat  drawmg  in  wiiter,  and  cIu^ca  wben  tbc  phion  dcacouds.  By 
vorkiiiff  Ihm  piatoDt  tbe  b&rrals  A  and  II  uro  iimuplutcl^  ilU«d  w  itb  wator.  Tbo 
«riAc«  O  M  ill  eoiLDMtioQ  mih  a  tUfft^/iek,  wkkb  llie  wiitisr  c*n  bo  dru.U'Q 
off  »b«n  ib*  pt««»ui«  u  to  W  ml  need. 

If  lk«P  fTUaiJer  B  a&  Mrtft  of  20^0  ii;^uiifo  mcbca»  and  tbo  imull  c^'littdor  on 
arts  of  b«lf  ■  9tjuftr9  incli,  the?  pri.<»st(r«  «f  tbe  water  ou  the  [jimoq  p.bu're  li,  will 
W  iO<>  tinteH  (li&l  a^Tplicd  ftt  ibe  Icror.    But  let  the  uruia  of  thv  li>ver  be  to 

M  ufio  ia  fifl.Vf  ibcD  wben  a  force  of  Aftj  poanda  lii  iipp!itid  at  iba  tang 
,  Ibe  pMt^fl  will  d€»c«Dd  with  a  force  of  2b0\)  pounds  X  —  SSUOf^ 
Iberv  will  Le  exerted,  tbeurLMlealljr,  n  furca  uf  1,000,000  jiottuds  upon  tbti 
le  In  B  (&Q  X  X  =  1«0I)(>»0I»(});  on  dvdueUag  uDu-fourtb  for  tbc  to«« 
lafMwd  by  Ibt  differvut  imt^cdimiMiUi  to  piotioD,  a  man  would  still  bo  ablo  U> 
A  fomo  of  TdOjOftO  pouuds* 

This  enormoas  result  is  gained,  of  coureo,  Terj  filowlj,  in  aoGordaDce 
with  the  well'kiKiwa  relation  of  powe?  to  weight  (lOQ^). 

MS  in  the  art«.— Tbe  hjdroitatie  (ofloa  eoMcA  Uffh^ulfc)  pruss  is  af 
»M  i'  u«o  m  tlic  tiidu9triiil  Arte.  It  i»  employed  fur  toinpre*aipg  cloth,  t*il- 
,  I<a|wT,  huT,  guopowdrr,  (^andleB^  veruiktiil],  nod  fur  autnurouji  utlicr  iirti- 
tim,  lo  wbicb  tbe  prM[n:r  furm  or  eonditjun  is  iinpurtc^d  by  ei;vure  prtiaatinj; 
UiO'  for  letting  i Ic ant -bu iter »  tuid  ebaia  c«.blcA,  Tho  tubes  of  tbe  fumoui 
Ilriia&tiiJi  tabular  bridge  orcr  tbe  atraits  of  Menu  (172)  wore  raioed  to  tbeir 
flvyb  hy  n«au<  (if  |»uwtfrrul  bydruulk  pr^asei. 


VH.  Pressure  of  a  liquid  on  the  bottom  of  a  vemel.—  The 
fr*M4uec  eierted  by  a  tiquul  on  the  /totizontal  base  of  a  mntaining  vtHsd^ 
ij  Ijf,  indeptiidnti  af  Uie  sJuij^e  of  the  and  2(f,  ir  e^ml  to  ihc 

meiffki  cf  a  aitumn  ^\f  (hit  lufiUt  whose  Uutc  isf  thai  of  the  vusd^  ami 
fhi  f*intilM  the  dfjifh  of  the  Uqvid. 

licoi  ve!;^e],  BtandiDg  on  ita  base  and  filled  with  liquid^  mn- 
mnj  tiuuiWr  uf  borbotital  planes,  diriding  the  conteotB  tlie 
intu  series  of  frtiBtamsif  bo  thin  that  eacb  fruslum  may  be 
eocwidarcd  a  cylinder.  It  is  evideDt  that  the  pressure  exerted  by  eiich 
ojIitidriciiJ  mass  on  Its  owft  base  is  ctiml  io  it«  own  weight,  litit  by 
ib«  principle  of  Pascal  euch  Huccoediug  section  will  ba^e  to  support 
1  prataare,  &»  miteh  j!;real€r  tbuu  the  weight  uf  the  supmncutnbent 
M  tl^e  (iro4i  t/f  iUi  bdsc  is  grtratcr  thtm  lUo  area  uf  tim  hmQ  of 
16 
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lijat  prcecdiDg  it  He&ee,  the  base  of  the  conical  vemcl 
will  support  a  pressure  equiU  to  the  trcigfat  of  u  columti  a{ 
water  whosts  base  aad  height  are  tespeetively  those  uf  tlie 
vessel. 

Evidently,  from  thiB  rensoning,  if  the  conical  vessd  In  in- 
verted, or  iti  form  is  in  bdj  way  modLSod,  the  same  law  holds 
good. 

The  truth  of  thia  principle  miiy  be  esperimentallj  demon- 
atrated  hj  menus  of  the  oppamtna  in  fig.  138.  If  this  instru- 
ment is  placed  in  a  Uqiiid,  the  piston  C  is  forced  in  wiih  a 
presHnre  equal  to  the  weight  of  a  culunin  of  the  liquid,  whose 
base  has  the  urea  of  the  piston,  and  whose  height  is  equal  to 
the  depth  of  the  liquid  above  the  surfaee  of  the  piston. 

To  demonstrate  that  the  pressure  is  indepeodent  of  the  furm  of  tho 
vessel,  M,  Haldat  has  eontriTed  the  apparatua,  fig,  130.  It  consists 
a  tube,  A  B  e,  bent  twice  at  riglit  angles.  On  A,  mny  be  ptaeed 
veiisels  M  and  P,  of  equal  height,  but  of  dlffbrent  forma*  The  tn 
A  Be  13  filled  with  mert-urjf  irhich  rises  to  nn  eqnal  height  in  A  nnd  <?; 
M  is  then  placed  on  A,  and  filled  with  water  *,  the  niercuryTnimedlatvly 
risea  in  c,  to  a  certaiu  point,  as  a.  We  then  rephvye  M  bj  P,  tind  fill 
with  water  to  tlje  same  height  as 
Veforei  The  mercury  again  rises 
to  tlie  point  a,  it  did  with  the 
veasel  H;  it  ia  evident  that  th^ 
pressure  transmitted  to  the  mci^ 
cury  in  tho  direction  A  B,  was  the 
same  in  both  oases,  proving,  most 
conclusively,  that  the  pressure  does 
not  depend  upon  the  quantity  of 
liquid,  for  the  vessels  M  and  P  differ 
greatly  in  capacity.  The  area  of  the 
ba»e  formed  by  the  surface  of  the 

mercury,  and  the  vertical  height  furmed  by  the  column  of  water,  were, 
however,  the  same  in  both  cases,  and  upon  these,  as  before  stated,  the 
pressure  depends.  In  the  cose  of  a  Tesscl  having  vortical  walls,  the  pres- 
Bure  would  be  etjual  to  the  weight  of  the  liquid  tlie  ves^l  contained. 

192.  Upward  presBure.— TTaving  sbown  that  pressure  in  liquids 
exerted  from  above,  ilownwnrtls  ^  it  follows,  from  (lie  law  of  cqnali 
of  pressure,  that  a  corresp"»tidiTig  force  is  exert  tnl  from  below,  up  war 
This  pressure  is  made  very  manifest  by  Ibe  buoyancy  experienced  wl 
we  plunge  the  hsind  into  a  liquid  of  great  donaity^  as  into  mercury. 
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ilfiiioiietnite  thta  upward  preaaure  oxperuM  en  tally,  a  tube  of 
takeo;,  op«n  at  both  coda,  jSg,  14<»,  having  at  the  lower  end  a 
or  glti««,  B,  which  is  vupporbed  l>y  means  of  a  throud  from  its 
centre:  the  whole  is  then  pluci^d  in  a  Te«sel 
of  water  and  abaodaned  to  itself;  the  dkk 
moaiiiii  attached  to  the  end  of  the  cjlindGr, 
owtiig  to  th«  upward  pressure  of  ttlie  water. 
If  now  the  interior  tube  be  ciirefully  filled^ 
lh«  liwk  will  not  fall  untU  the  level  of  the 
water  within  the  tube  U  Dearly  the  iame  m 
thst  in  the  outer  vessel,  prt:ivlt)g  that  the 
opwimi  pressure  u  equal  to  the  weight  of 
tb^  iutOfior  columu,  and  therefore  that : — The 
ujMMu^ pretmre,  in  any  ttsatl^  i>  ei^tal  to  the 
weiffki  ©jT  a  wlumn  of  hquid  haeing  tke  same 
€U  (k«  q/linder^  A,  awl  whtme  Imijhl 
ppialM  the  depth  &f  the  itciion  ttetow  the  mrfe^e  of  the  liquul 

193.  Ftessure  on  the  aides  of  a  vesseL — The 
prururt  of  a  liquid  on  any  jfortion  of  a  lateral  leall,  it 
tquat  to  the  teriiiht  of  «  c</Utmn  &f  Kqnid,  which  has  for 
Um  bate  /Alt  portian  nf  the  teaU^  and  for  Us  height  the 
fcriifio/  distance  ff'om  t7j  centre  of  grmiitf  to  ilte  mrfaee 
*/  the  ti'quuL  Thus,  in  fig.  14 1»  the  pressure  at  the 
height,  C  D,  of  the  wall  is,  bj  f  191,  equal  to  ihe  weight 
Ihc  culuniti  A  B,  since  the  pressure  of  thia  is  com- 
licated  laterally  to  all  the  particles  Ijlng  on  the 
tame  borizinulal  plane. 
This  tutersl  pressure  iticreaseiif  of  course,  with  the  depth  of  liquid  in 

142 


tb«  reaMt  Thus,  iu  G^.  142,  the  column  of  liquid  A  G 
preHitig  with  a  certain  force  on  Z,  the  column  EF 
win  proM  m  O,  with  a  force  m  much  greater,  as  £  F  iB 
deeper  tlian  A  C,  This  may  be  further  illustrated  by 
planging  the  apparatus,  fig.  138,  lit  varinua  depths  aud 
in  a  Uorijeoutal  posiliou,  the  piston  will  be  forced  in 
with  a  pre«sure  corresponding  to  iho  depth ;  also,  if  it 
la  placed  in  any  position  iotermodiale  between  tbo 
and  Tertieal,  the  piston  will  he  siniiJarly 
ln»  thus  showing  that  pressure  is  everted 
I J  in  m\\  directions. 

Pascal's  eixperiment  with  a  cask. — Pascal  made  n  striking 
tipcriinent  at  Kouen,  in  l(i47,  to  illa^itrate  the  enormous  pres^fure 
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exerted  by  a  lofty  column  of  water  contained  in  a  small  tube.  A 
strong  cask,  filled  with  water  and  arranged  as  in  fig.  143,  was  fitted 
with  a  small  tube  about  forty  feet  high.  When  this  tube  was  filled 
with  water,  the  effect  of  the  pressure  transmitted  to  all  parts  of  the 
cask  was  sufficient  to  burst  the  vessel. 


143 


144 


T 


195.  The  water  bellows,  or  hydrostatic  paradox. — This  familar 
experiment  is  only  a  modification  (in  form)  of  Pascars  cask. 

Tho  bydroBtatio  bellows,  fig.  144,  consbts  of  two  boards,  B  C,  and  E  D,  con- 
nected witb  leather  or  India-rubber  clotb,  A,  in  such  a  manner  thai  the  upper 
board  can  rise  and  fall,  like  the  common  air  bellows.  Tho  tube  T  E  communi- 
cates with  the  interior  of  the  apparatus.  Supposing  the  tube  to  have  a  cross 
section  of  one  square  inch,  and  the  top  of  the  bellows  to  have  a  surface  of  100 
square  inches,  one  pound  of  water  in  the  tube  would  lift  100  pounds  on  the  bel- 
lows, the  weight  of  the  water  acting  with  a  pressure  equal  to  one  pound  on  each 
square  inch  of  tlio  surface.  Tho  pressure  is  proportioned  to  tho  height  of  tho 
column  of  water ;  for  if  wo  use  a  smaller  tube,  for  tho  same  bulk  of  fluid,  tho 
height  of  the  column  of  water  will  bo  greater,  and  will  raise  a  greater  weight ; 
if  the  tube  bo  larger,  the  column  will  not  be  so  high,  and  will  not  raise  so  large 
a  weight. 


196.  Total  pressure  on  the  walls. — In  the  vessel  ABCD,  fig. 
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145,  diiide  the  Bid«  A  B  loto  10  equal  parU,  Supposing  iLe  prOBsure 
il  1  t<i  be  one  pound,  then  tbd  pressure  at  2  would  he  two  pounds, 
W  3r  llirc«  pounds,  4c„  iia  die  iiitenaitjr  of  the  pressure  increafleH  directiy 
with  Ute  depili.  The  tivoruge  iotemily  of  preasuro  would  be  foand  at 
ihc  5tb  divittioQ  (or  a  point  midway  between  tUa  tst  and  KUh),  and  the 
Mai  |irett«ure  on  llic  walls  would  bo  the  eaiue  if  it  Bustuiiied  tiie 
kTttr»ge  lnlcQ»ity  ov^t  the  wholo  lateral  surface,  and  tlicrefurc  the  fatal 
frtMSHTt  ujHjn  a  tfutf  nf  xtich  a  tvjte/,  is  equal  to  thi  useighi  of  a  ealumn 
efUU  liquid  u-A'Wtf  base  w  e-jua?  to  (Ji$  area  of  the  side,  and  wlt^m  hfiQhi 
it  tqmtl  i<*  onc-hatf  of  the  depth  of  the  liquid 
in  ike  ttntt.  This  is  true,  whether  the  vej^sel 
verticiil  or  incliiied  ia  any  directioti.  la 
CtJ*^  uf  Ik  cuhkiil  veasel^  this  prcusure  on 
wm  eide  would  be  cqud  to  one^bftlf  the 
wtight  of  lb«  li'iiiiJ  eoiiUincd  in  tho  vesael. 

Total  {iremtue  on  tlie  bottom  and  sldea  of  a  vessel. — The 
urft  exertiised  oo  the  bottom  aod  stdcd  of  a  vcascJ,  is  much 
thun  the  Wi^ight  uf  the  liquid  cunlsuntd  in  the  VCfisct.  Iti  tba 
of  B  cabiA.^  veas«l.  the  pressure  exerted  on  the  l>otiotn  m  eqaal  to 
like  whole  weight  of  the  liquid  (191),  the  pressure  exerted  on  wich  side 
being  equal  Ui  half  the  weight  of  the  liquid  on  the  four  iidea,  it  is  equal 
to  its  weight,  (jonaequejfttly,  tn  a  eufjical  pesset  tfie  entire  pres- 

tnarted  &n  th^  boitam  and  sides  i^  ^equal  to  three  iinus  ike  weifjht  of 
th«  evniained  liquid, 

TuUtf  tikotthiff  thi  prttmtire  ut  fmttntlf^  per  at^uare  iMeA,  aad  square  /not,  produetd 
bg  irrjl^r  ut  rarioii*  dtp! ft 
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three  foot,  186-9606,  and  1246-464  +  186-0606  =  1433-4336,  the  pressnre  of  water 
on  a  sqnare  foot  of  surface,  at  a  depth  of  twentj-three  feet. 

That  the  prossuro  produced  at  great  depths  is  really  immensei,  can  be  shown 
by  con fl Ding  a  piece  of  wood  at  great  depths  in  the  sea.  The  pressure  forces 
the  water  into  the  pores,  so  that  it  will  not  be  capable  of  floating  afterwards. 
A  bottle,  the  body  of  which  is  square,  if  tightly  corked  and  lowered  into  the 
sea,  will  be  broken  by  the  pressure.  If  the  body  of  the  bottle  is  strong  and 
cylindrical,  the  cork  will  be  forced  in.  Below  a  certun  depth,  diren  cannot 
penetrate,  and  the  same  may,  perhaps,  be  true  of  fishes. 

197.  The  centre  of  presBure  upon  any  surface  immersed  in  a 
fluid  is  the  point  of  application  of  the  resultant  of  all  the  pressures 
acting  upon  it. 

If  the  pressure  of  a  fluid  upon  an  immersed  surface  were  the  same 
at  all  depths,  the  centre  of  pressure  would  be  at  the  centre  of  gravity 
of  the  surface.  But  as  the  pressure  increases  with  the  depth,  the  centre 
of  pressure  will  always  be  below  the  centre  of  gravity. 

The  centre  of  pressure  in  an  immersed  stir/ace^  or  in  the  side  of  a 
vessel  containing  afuid,is  a  point  to  which  a  force  equal  and  opposite 
to  the  resultant  of  all  the  pressures  must  be  applied  to  keep  the  surface  ai 
rest. 

The  position  of  this  point,  for  various  regular  surfaces,  has  been 
determined  by  the  calculus. 

The  centre  of  pressure  of  a  rectangular  surface,  vertically  or  obliquely 
immersed,  so  as  to  have  one  side  in  the  surface  of  the  liquid,  is  in  a  line 
joining  the  centres  of  the  superior  and  inferior  bases,  and  at  a  distance 
from  the  inferior  base,  equal  to  one-third  the  height  of  the  rectangle. 
In  fig.  14G  the  point  C,  in  the  line  A  B,  distant  from  B  one-third  of 
A  B,  is  the  centre  of  pressure. 
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"NVhcn  the  immersed  surface  is  a  triangle  having  one  side  horizontal, 
and  the  aj)ex  in  the  surface  of  the  fluid,  the  centre  of  pressure  is  in  a 
line  juiuiiig  the  apex  and  the  centre  of  the  horizontal  base  at  a  distance 
from  the  centre  of  the  base  et^ual  to  one-fourth  the  bisecting  line. 
Tlie  centre  of  pressure  in  the  triangle,  fig.  147,  is  at  c,  distant  from  B 
one-fourth  of  the  line  A  B. 

When  the  base  of  the  triangle  lies  in  the  surface  of  the  fluid,  the 
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of  ptrasamre  Is  mldwAj  between  the  apex  and  the  centre  of  tho 
bttc,  us  tit     fig,  HB,  li^ydi  h  er|ui(!mtiLtit  between  A  and  B, 

I'^R.  Pf««iares  iraiy  a*  tbe  specifio  gravitiea  of  liqMdfl.— 7Vo 
li^idM  prtst  on  the  iame  arta  and  at  the  same  drpih,  directly  in  t/ie  ratio 
tke(r  tpxifir  ffraeUiiSt  We  Lave  ecen  {VJl}  tliut  ttie  pressure  cxQiied 
<m  tilt  base  of  a  Tce^el  baling  vertical  walls  is  equal  to  ttxc  weight  of 
Hie  liqnid  the  reuel  cmiidm.  Plainly,  tberc^fure,  tho  pT«s»iireB  exerted 
on  the  base  of  two  eqoftl  vesseU  filled  with  equal  rolumei  of  liquid  of 
nnlike  densilj  will  vary  direcUj  wiLb  their  specific  gravitlea;  or  repre- 
icai^tig  tbe  pr«fc&nr&3  in  the  two  cixsm  hy  P  and  P',  and  the  ppecifio 
p&Thics  hj  (Sp,  Or.)  and  (Sp.  Gr*)^,  w©  have 

PiP'  =  {Sp.  Gr,)  t  {Sp.  Qr.y 

in.  zaniLiRRiFX  or  UQtTiDa. 
199.  The  eoncUtiooa  of  equilibrium  [n  liq aids. —The  joint  effect 
iiT^mTitiitiun,  and  of  the  perfeqt  mobilil  j  of  the  particles  of  a  lic|uid,  is  :— 

1.  That  th$  rur/ace  of  a  liquid  at  CTvry  poitU  miut  bs perpendicular  to 
the  diTt€iwn  of  ffraviftj,  L  e,,  tt  must  be  horizontal  or  lewl. 

This  principle*  first  distinctly  enunciated  bj  Archimedes,  follows  (mm 
til*  nature  of  gravitation,  which  acting  on  a  body  froe  to  move,  causes 
ila  centre  of  grarilT  to  descend  as  tow  as  posusible.  It  la  odIj  when  the 
•urfaee  is  horizontal  that  all  the  particles  uf  the  fluid  ma»s  are  equallj 
aollcited  by  the*  force  of  gravity. 

The  ittcq^italtues  of  the  e^lid  surface  of  the  earth  exist,  because 
eohealuii  b  opposed  to  gravitation.  Otherwbo  the  mountaiaji  would 
•Ink,  and  tbe  rail  eye  ri»e.  until  tbe  whole  mass  hud  a  uuifurtn  level. 

By  thia  priotfiple  a  Burface  of  water  i«  perfe*?tly  horiiuntJil  only  when 
ila  ares  ii  eo  UuiitcJ  that  tbe  direction  of  the  149 
of  gravity  can  be  regarded  as  parallel  at  _j 
point.  If  an  observer  la  stationed  at 
149,  and  O  A  is  one  milef  the  eubteti«e  of  etinra^ 
toff*  { A  B  or  DE)  is  eight  inches.  Bnt  0  C  and  B  C 
ve  ^Aea  perpendleular  to  the  points  0  and  B«  and 
artt  thcrefope plumb  lines  (GO),  and  heoce  the  eurfaoe  E  OB  Is  a  spheri- 
cal muf&ee^    Id  other  wordin,  we  reach  the  more  general  principle:^ 

Thai  Skt  reauttnnt  nf  all  the.  fvrrejt  acting  at  anjf  point  on  the  tur/ttee 
4/  d  /ffwW  iwovjr,  vh*n  in  ajutZi^nuni,  mu*i  be  nermai  ta  ifie  tur/oee  dl 

II  foltowB  from  this  again : — 
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2.  TIi4ti  tfpery  liquid  mass,  when  in  tqttiiibrium^  can  hi  e&midered  a* 
made  up  of  an  mjiniie  number  of  very  Htm  latjers,  aitftaiuinff  at 
points  ihe  mme  preaxtitc,  andy  at  each  point  of  *i^r/a^r^,  uQrmal  to  all  the 
Jbrcet  there  acting^ 

200.  Equilibrium  of  Uquiaa  wlien  freed  from  the  inflaence  of 
gravity.— It  foUuwii,  aa  a  cougequence  of  tbe  last  pnnejple,  if  q  maaa 
of  llquiJ  b  freed  ffi>rti  tho  influeDCQ  of  grnrity,  and  nbundrtned  undis- 
turbed to  its  own  Bioleculat  attmctmns,  that  it  will  assmne  a  ephoricul 
figure ;  sinca  then  the  sphere  is  tho  onlj  farm  which  can  salbfy  the 
conditions  of  equilibriiijai.  This  theory  is  most  beautifully  demon- 
Bt  rated  by  ti  ct^Iehrnbed  esc  peri  meat  called — 

The  experiment  of  Plateau,  who  cod  ceiled  that  the  influonoe  of 
gravily  might  be  avoided  by  Buspooding  a  mo^s  of  ail  Iti  alcohol, 
diluted  to  exactly  the  density  of  the  oil.  Thia  cooeoption  b  perfectly 
realiKod  by  experiment.  By  caro  and  certain  precautions  to  aecure 
clearness  m  the  liquids;,  a  considerable  sphere  of  oil  may  be  suspended 
in  any  part  of  tho  alcoholic  niiiture,  and  by  a  wire  arranged  to  rotate 
M  ati  axis,  atid  about  wbich  the  sphere  of  oil  readily  arranges  itself, 
tho  oblate  figure  of  the  earth,  the  appearanee  of  fiatellite.*!,  or  even  the 
rings  of  Saturn,  may  be  imiuted  iti  a  most  instructive  aod  striking 
manner. 

The  spherical  f(>rm  of  drops  of  rain  or  dew,  and  the  gh>bular  drops 
of  mercury,  are  referable  t«  the  conditions  of  fluid  equiJibrimn. 

201.  EqulUbrltim  of  a  liquid  in  communicating  vesaeia,~-If 
two  or  more  vesiselfl  communicate  with  each  other ^  the  liquids  in  butU 
or  all  the  resaels  staud  at  the  eatne  level.  Thia  law  rests  upon  the  fadi 
that  the  pressure  of  liquids  at  equal  depths, 
m  equal  in  all  directions.  If  the  duid  stands 
at  a  higher  level  in  one  tesael  than  the  other, 
the  particle*  of  the  former  exert  a  greater 
lateral  pressure  on  the  ehunuol  of  commuiii- 
cation  than  the  other  can  ;  these  jhttrticle*  are, 
therefore,  continually  pushed  upwards,  uotil 
they  exert  an  equal  and  oppoaite  pressure, 
which  obtains  when  the  columtia  are  at  an 
equal  height.    Tho  effect  is  the  wvme,  whut- 
erer  may  be  the  sixe  and  number  of  the  Ni  - 
seis,  Fig.  150  represents  a  number  of  Tesseb  -  v4£:^  ~ 

of  difierent  shapes  and  capacttiea,  connected  with  a  common  reBetToLr; 
if  we  pour  water  intn  one  of  tbeto,  it  will  rise  to  the  satne  height  La 
the  other  ¥e«»eli. 
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202,  EqutHbritun  of  liquidfl  of  different  densities  in  Gommu- 
nlcatitie  veMel*,— 'When  two  licjaida  uf  dilTertfnt  densities  are  placed 


la  oominunicating  TC9sd»,  their  surfac'ea 
viU  nol  Tmt  at  the  same  point  or  J  eve  I ; 
/br  in  communicatiifi;  tf^fteht  Vut  hfiffhU 
ttf  ikt  liquid  eolumtiS  are  in  the  ineetee 
roiio  of  ihe  ^cijic  ijravHifw  of  the  tiqitid^. 

If  uierciiry  h  first  poured  into  the  lower 
poTt  of  the  Eippnriitu5,  fig.  16 It  and  tho 
tub«  AB  ia  th^n  filled  with  wator,  this 
Uqmd  will  esert  n  pressure  on  the  mercurj, 
fiftQjiag  it  to  he  depressed  in  A  B,  and  to  rise 
In  tbe  citlier  tube.  Measuring  the  heiglit 
of  the  colomtifl  ofmercurj,  C  D,  and  wul^^r, 
AB,  nrhiuh  arc  in  equilibnum,  they  will 
be  foand  to  be  as  I  ti>  n-59.   These  tium'  — ^  -^"^  ' 

bora  f*pfesent  the  deisaUtes  of  water  and  mercitrj. 

DemDaBtmtion.— I^t  S  rvprtsBvnt  the  surfnee  of  the  toeretiry  at  B,  ud  B 
be  the  height  of  the  ealuom  ol  wftter,  B  A,  nnd  Sp,  (jf,  tho  jipoetfic  grafitj  of 
waler ;  lfa«ii,  hy  |  168,  tb«  pressure  ua  the  sitrriu:@  in  P  ■=  S  H  {Sp.  (Sr,)  for  tho 
MlotBD  of  w»ber.  *o4  f^r  Ih*  wt^rcary^  C  D,  it  Is  P*  =:  W  {Sp.  Bui 
\fj  1 109  equilibniim  ciMi  <il)t«ia  ovlj  whea  th?  pressurei  fxorted  <tn  B  hjii)  G 
•m  pfuportiuaftl  tci  the  area  uf  thoM  Anrfiwes^  or  wheri^  P  i  P'  ~  Si  S'.  Sub- 
rftlao  of     uid  P\  it  folia wa  that 


/rt%  Gr,)  ^  IP  {Sp,  Gr.y 

tn  othvr  worda,  tb«  eolDmni  atb  Id  equittbrium  when  thei;  tit9i|rLtj  laro 
iaroMljr  u  their  epccilio  grttritlof,  which  viu  to  be  prOTtd. 

203,  Tlio  Bptrlt  level,— Since  bj  \  1U9  the  surface  of  a  liquid  at 
reil  ia  alwajs  horttontiil,  we  have  therebj  a  ready  means  for  dctermin' 
log  tbe  horizontal  line  by  use  of  the  9pirU  lepei.  This  itiBtruttient  i»  a 
gbw  tube,  A  B,  fig,  15 'J,  very  slightly  curved  op  wards,  nearly  filled 
lrilfc«lMluo1t  hermetic  atly  152 
tMd  sheathed  in 
C  P.  Tbe  small 
Imbbl*  of  air,  always 
titm  %o>  ocr*upy  the  big;h- 
•si  paint  of  tlie  apparatus. 
Tbt  iflue  im  carefully  ad^ 
jwrtfld,  AO  that  only  when 

the  iiiAtnimctit  is  placed  horUontalTyt  doea  the  bubble  remain  in  the 
at  ft  fixed  mark. 
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204,  Artesian  wella.^ — All  springs  and  fouu tains,  are  e sampler 
of  th«3  laws  of  equilibrium  gf  liquida  in  communicating  Tes^ela, 
Among  Biniilar  plieiiomenft,  artesian  welU  are  tbe  moat  rumftrks. 
ble  example?.  TUoste  aro  welU  (Dnmed  nrt«$iiiu  from  the  anclea 
province  of  Artoia  iti  Fraace,  where  Uiey  wore  enrly  made,  altliough 
kiiovra  long  before  itt  Chipa),  bored  into  the  eartU's  crust,  often  to  » 
gri3at  depth.  The  crust  of  tbe  earth  coasiata  often  of  rarbtie  beds  o 
Btrnta,  Boiue  pervioua  to  water  lUce  ettndsbooes,  and  otliers,  like  olaj, 
impervious. 

Fig.  153  presenU  an  tmaginarj  section  of  a  portion  of  the  earth's  dru»t» 
coQtaiuiag  two  impervious  stratti,  A  C  and  on?  pervious  strutiiaif 
K  K,    Let  these  strata  reach  the  surface  in  elevated  laad^  and  we 

153 


havd  thai  &  basin  into  wbleh  the  meteoric  waters  £Uer  ttud  from  whieh 
the  J  cannot  esctipe,  being  confined  by  tlie  irapervioaa  sLmta  already 
named  ;  aow  an  arlCKiixn  boring  in  the  valley  11,  will  reach  the  itn pri- 
soned water  after  piwsing  A  B,  and  the  water  will  be  thrown  up  in  a 
jet,  the  height  of  which  will  depend  on  the  elevation  of  the  edges  of 
the  basin,  which  may  cfmio  to  tlie  ftarfaee  in  loflj  hills  hundredB  of 
miles  away  from  the  well. 

A  well  ctf  tbta  kbd  irfto  sunk  mi  LouloriUe,  Ky.,  ia  lBbt-9t  to  the  gremt  doptk 
Of  3030  foct  (l>up()iit'»  wttl),  wblch  delivers,  tbrougb  a.  b<ir«  or  13  iucbes^  over 
tbreo  kuudrud  liiuusftiid  gAllons  of  auljiLiiruLtcil  iiitnirra.1  Htitrr  in  21  bourt,  *t 
170  (out  nbiiT*  thi  aurr»e*,  with  a  oooalaoL  Leuipuraiuro  of  F,  (Sil*'  at  th« 
Wtom),  (Am.  Joorn,  tfoi.  f2]  xxviL  174.}  It-fit li^r 'a  well  iu  HL  Lotilu  id  319i 
foct  dtsofi,  mid  yinltlia  alto  lulptiurotted  wuter ;  wltila  iUo  famoua  UrvDnllo  well 
ill  i'u-is  ia  ISM  fmt  deep,  and  fields  duly  ([I>(),()IK)  gallnns  of  i^ft  waWr,  wurto 
«iioagti  14  »iiflWor  purpoioa  of  tho  gnsai  jtAugUtcr-lvonfcs  vurmuntltug  it. 
ArUMhn  wMa  hmvo  btely  hwu  ■ueeesiruUy  bored  in  tlio  Al'tiowa  de««rt  oo  tli« 
fffftt  conriMi  r«itt«. 

IT,  DUOTAKcr  or  liqluus. 
205,  Theorem  of  Archimedes. — SoUda  in  Uquidt  art 

bmifed  up  6y  a  force  equal  in      wtitjht  of  the  Uqtiid  displaced. 
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Thiii  rcTj  iropartant  principle  wn»  discover&d  by  Arohiroede«,  about 
230  yt?iin»  b.  c.»  and  h  called  atter  him,  th«  Prinet'ph  of  Arckimtdttt. 
lut  corrci'tuess  ia  proved  bj  mean  a  of  the  hyd  postal  jc  balauce,  from 
im«  of  the  arms  of  which  (fig.  154)  is  huug  a  hollow  o^Mltider,  or 
buckft.  A,  bftTijag  a  cvlmdrieal  mass  of  copper,  B,  exacil j  fitting  into 
it,  und  eiiJipebded  Trojii  it  by  weaua  of  a  hook.  Ilnving  exactly  coun- 
t«rpoiB«il  the  beam  by  freighte  on  the  ol!ier  arm  of  the  bjilaitce,  Ull  up 
tb^  jBilass  veaael  with  water,  until  the  cylinder  B  is  "wholly  immersed. 
The  cyliudpr  will  then  appear  to  have  lost  weighty  the  other  arm  gwing 
di^wii.  If  Ibc  bucket,  A,  is  now  ejtactly  filled  with  water,  the  equiti- 
Ul  be  reyt'orcd ;  provhi|^  that  die  weight  loat  by  the  immeraed 
equnl  tu  ita  owa  btilk  of  water. 
The  same  ia  true  of  any  liquid  whiitever.  It  m  uluo  true,  however, 
ihiU'  the  weight  last  in  tliia  caae  by  the  cylinder  Enu«t,  as  a  iieceiji«ary 
U  of  the  law  of  aoLlon  aud  reaction,  be  gained  by  the  water  in 

Thia  fact  ia  illufttrated  by  arranging  tjie  apparatus  aa  seen  in  6g,  155. 
After  first  bilancing  the  rase  of  waier,  the  cylinder  B  It;  t$u»pHuied  ia 
Jit  it  from  a  separate  eupp^jrt  C,   The  vase  thea 

ap|iears  to  have  gained  in  weight,  and  it  will 
be  found  requisite  in  order  to  restore  the  equi- 
libriuin  to  remove  therefrom  enough  water 
exactly  to  fill  the  cup  A. 


T]ie  tbeurt  In    :     r  jhifuiad^s  it  a  neceft«flry  consequence  of  )}ie  me^ 
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chanical  condition  and  laws  of  equilibrium  of  liquids,  and  of  the 
impenetrability  of  matter.  The  whole  immersed  body  is  buoyed  up 
by  a  force  equal  to  the  resultant  of  all  the  forces  normal  to  each  point 
of  its  surface,  that  is  by  a  force  equal  to  the  weight  of  the  liquid  which 
it  displaces. 

206.  Another  demonstration  of  Archimedes'  principle. — Con- 
ceive a  cube  A  B,  fig.  156,  of  water  for  example,  say  one  cubic  inch  or 
a  cubic  centimetre  in  bulk,  isolated  and 
sustained  in  its  position  by  the  pressure  of 
the  surrounding  particles — such  being  the 
condition  of  equilibrium  existing  among 
the  particles  of  liquids  at  rest  (199). 
Hence  it  is  evident  that  the  weight  of  the 
ideal  cube  A  B  is  sustained  in  its  position 
of  equilibrium  by  a  buoyant  force  exactly 
equal  to  its  own  weight.  If  A  B  is  now 
solidified  by  any  cause  which  does  not 
change  its  volume,  it  is  evident  that  the 
conditions  of  its  equilibrium  also  remain 
unchanged.  We  may  therefore  replace  it 
by  any  other  substance  of  whatever  weight, 
having  the  same  dimensions,  and  the  new  solid  will  still  be  buoyed  up 
by  a  force  equal  to  the  weight  of  the  ideal  cube  of  water,  or  of  any 
other  liquid  in  which  it  is  immersed. 

The  form  of  the  body  is  evidently  immaterial,  and  therefore  it  fol- 
lows, as  before,  that  a  body  plunged  in  a  liquid  is  sustained  by  a  power 
equal  to  the  weight  of  the  liquid  diMplaced. 

Floating  bodies. — Accepting  the  Theorem  of  Archimedes,  it  follows, 
that  if  the  immersed  solid  be  of  the  same  weight  as  the  displaced  fluid, 
the  furmer  will  remain  at  rest  in  the  fluid,  in  any  position  in  which 
it  may  be  placed,  the  upward  pressure  exerted  upon  the  solid  being 
equal  to  its  own  weight. 

Since  the  specific  gravities  of  any  two  substances  are  to  each  other 
as  the  weights  of  equal  volumes  of  these  substances  (99),  it  follows  that 
any  homogeneous  solid  will  float  when  its  specific  gravity  is  less  than  that 
of  the  liquid,  and  that  it  will  sink  when  these  conditions  are  reversed. 

Hence,  iron  sinks  in  water,  but  floats  on  mercury ;  some  woods 
which  float  on  water  will  sink  in  oil  or  alcohol ;  while  oak,  which  floats 
on  salt  water,  will  sink  in  fresh  water.  But  if  the  iron  is  fashioned 
into  a  thin-walled  vessel,  and  the  dense  woods  into  hollow  boxes, 
they  will  then  float  on  the  same  liquids  in  which  they  before  sank, 
because  their  volumes  have  been  increased,  respectively,  without  in- 
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enwng  their  weight,  and  iliey  floAt  becaUB«  ench  dieplncea  a  Totuiag 
of  mwieF  greater  m  weight  tUaci  the  weight  of  the  flonting  body. 

SSSBABiplM  ittuBtr»tiag  liiia  prinRiplc  am  of  funiliilf  frCfiUrrencc.  fro»  thipiK — 
GrcAt  Eutcni — floai  lu  buoyantly  a«  thips  ofwoodj  and  ha.v6  hv9nivs  a 
Tiit  ni^acitj  f^r  ftoating  thtjii"  bcfl^vj  majrhinorj,  foitlj,  luid  cargo.    Jht}  prolilm 
«i  «*t|^iftg  A  ib)t»  »utl  {.'lurgo  njulrea  itffcif  iuto  a  qociitioo  of  menturmliuu  of 
lt«  iroloiBe  Oil  wAUjr  didpl&red  by  her. 

CumI*  «ff«  t&nki  of  trDu  tir  Wf^orj,  wbicb  iro  first  filleJ  with  wjitcr^  unci  tJiat 
hting  M««rod  to  tbe  aitlcs  of  !o*4<id  tl^hsoJ*  tLe  wftt«r  u  pninped  ont,  whun  ibeLr 
Ui6fKii«y  vd*  iho  TeB««l  in  flo»tiii£  over  ft  bur,  or  iti  eballow  wnbur. 

Fio»timg  do^fJkm,  *o  much  in  itae  in  the  feapartc  of  the  Ui)it«(I  Stftici*,  ftrts  siniitiur 
MBtitfMie*!!  bj  Mid  of  wbicb  the  hemyiest  anA  largeil  abip«  Ht^  intdj  raiusd 
tmljr  out  »f  w»t«r  for  rcniilM,  Tbo  elevatliig  fore*  ii  lolely  tbo  bHoyancy  of  lwg« 
■Mtinsftl  lAaki  prvTioaaljr  nuik  beaeatb  bba  rearolj  md  tben  pamp«4  out  by 
llfiTi  rnp'nf'f. 

(74ri#«inii  (feir^l.^Tfau  hydmtUUo  toj,  known  alto  as  tbe  ludton,  exhiblta  t^o 
ffioctpW  ju£t  «Ut«d>  It  (^OBsistf  of  a  email  fljus  or  1^7 
iMVcl  ft^rr,  fig.  15'?,  at  wliote  bead  i«  filed  a  bulb  f^f 
glau  having  a  imall  bpeninf,  0,  bencatfa.  It  in  Riled 
with  wsl«r  lo  0aeh  an  etlcitt,  that  whfla  plac«d  in  the 
«f Ikider  of  water  as  t^preseoted,  it  Jiut  fioat«.  Over  tha 
mo^lh.  of  tke  rfluel  u  Ugbtly  fixed  a  piece  of  cnoutcbcae, 
PrMnn  ex«rted  by  tbe  tbamb  oq  tbe  taoiitcboiic  will  bo 
MDVcycd  ibroiigb  tbe  water  to  the  air  contained  in  tho 
bolb  O.  SuttieieDt  water  will  thus  enter  O  to  reodur  the 
•iH'oiae  i^Tt,niy  of  tbe  aptinj-ftios  teaTief  ibitti  that  of 
WBt*r,  when  it  litikB.  On  remoTing  the  pressure,  ex- 
pansion of  tbs  air  in  0  expels  the  water  which  w&s  pre- 
vioaaly  forcod  Into  it,  and  tbti  appfir«Cui  Hica,  By  a 
mtrUaiiev  finilar  to  tbl«,  the  beautiful  nauttluf  abcU 
fSae*,  Ui  fluttt  upon  tbe  larfaott  of  tbe  140^  or  sink*  ft^o-in 
ftl  |>leu[ir«,  by  a  ToluntAry  contraction  or  oxpansion  of 
an  to  tern  «i  caTttj. 

iwV*  ar«  l«di«<  floating  In  ft  sLalo  of  eijuUlbriam,  wben  immerMd  in  thotr 
OVfi  tltfltiMii.  But  iu  order  to  preserve  thi^  state  ni  different  depths),  tbey  bftro 
am.  ttfp  htAddtTt  by  eoDtraeting  or  «tpanflitig  wbicb^  thair  bodicB  acquire  tbo 
aafcn  dnutty  of  tUo  w*Ur  in  wbieb  tbey  are. 

2Q7.  BqnLUbrmm  of  floating  bodies. —In  ord(!r  that  a  floating 
hodj  may  be  in  equilibrium  it  is  neeeasiiry :  Firat^  That  the  weight  of 
tbn  fluid  displaced  abould  be  equal  to  the  weight  of  the  Sooting  body; 
SecAnd,  That  the  reaultaGt  of  all  the  upward  preisareA  of  the  liquid 
ahould  act  in  the  Tertical  line,  passing  through  the  centre  of  gruTity  uf 

a  the  weight  of  a  body  may  }S6  considered  ilb  acting  at  a  einpile 
t  called  the  eeotre  of  graTity^  «o  the  upward  presflure  of  a  liquid » 
acting  opcm  a  body  imtoerfed  in  U,  way  he  conaidered  as  Birting  in  a 
•logle  point  which  will  h«  the  eetitre  of  gravity  ^f  tho  fluid  displaced, 
Thii  potot  i»  eiidcDtly  di0«reDt  frora  the  centre  of  gravity  of  tho  body, 
17 
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and  may  therefore  appropriately  be  called  the  eenirt  of  httoyancy.  In 
a  homogeneous  solid  this  point  is  always  below  the  centre  of  gravity 
when  the  body  floats,  and  coincides  with  it  when  the  body  sinks.  Let 
a  &  e  d,  fig.  158,  be  a  homogeneous  solid,  158 
G  will  represent  the  centre  of  gravity 
of  the  body,  and  P  the  centre  of  buoy- 
ancy, or  upward  pressure,  situated  at 
the  centre  of  gravity  of  the  liquid  dis- 
placed. 

When  the  floating  body  is  not  homo- 
geneous the  centre  of  gravity  may  be 
below  the  centre  of  buoyancy,  as  in  the 
case  of  a  ship  having  ballast  or  heavy 
cargo  stowed  in  the  hold. 

Let  the  floating  body  take  the  position  shown  in  fig.  159,  the  furce 
of  gravity  will  act  at  0  in  the  direc- 
tion G  r,  but  the  upward  pressure  will 
act  from  a  new  centre  of  buoyancy, 
P'',  at  the  centre  of  gravity  of  the 
displaced  fluid,  and  in  the  direction 

q.  This  force  being  equal  to  the 
force  of  gravity  and  parallel  to  it,  but 
acting  in  an  opposite  direction,  the 
two  forces  form  a  couple  (48),  and 
tend  to  rotate  the  body  till  the  two 
forces  again  act  in  the  same  vertical 
line. 

When  ilu  centre  of  gravity  and  centre  of  buoyancy  are  in  the  same 
vertical  line,  the  Jloating  body  will  be  in  equilibrium. 

This  equilibrium  may  be  neutral,  or  the  same  in  any  position  of  the 
floating  body ;  unstable  when  by  any  movement  of  the  body  the  centre 
of  gravity  descends : — or  stable  equilibrium  when  movement  of  the  body 
in  any  direction  causes  the  centre  of  gravity  to  ascend. 

Neutral  equilibrium. — A  sphere  of  uniform  density  floating  in  a 
liquid  is  an  example  of  neutral  equilibrium,  because,  whatever  position 
it  may  assume,  the  part  immersed  is  a  segment  of  a  sphere  of  the  same 
magnitude  and  form,  and  no  alteration  can  be  effected  in  the  relative 
positions  of  the  centre  of  gravity  and  the  centre  of  buoyancy. 

Unstable  eqailibrium.— Let  abed,  fig.  160,  represent  a  rectangular 
prism  of  uniform  density,  floating  on  one  end,  the  centre  of  gravity 
being  at  G,  and  the  centre  of  buoyancy  or  upward  pressure  being  at  P. 

Although  G  and  P  are  in  the  same  vertical  line,  it  is  evident  Uiat  the 
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equililtrtutn  will  b«  unsto-ble,  becuuae  wheu  tlie  bo<Jj  moyea  to  onjf  new 
potitiaOt  OA  at  fig,  IGI,  the  ceotxe  of  graritj  iloscende* 
100  191 


Stable  EqtilUbriiim. — The  centre  of  buoyancy,  or  centre  of  upward 
pn?»sure!,  miiy  be  conaitlercd  as  the  centre  of  support  of  a  floAting  body. 
When  tht«  centre  is  a!x>Te  the  centre  of  gravity,  the  body  will  evidently 
ho  m  a  piishioQ  of  atab^e  cqutltbrmm.  It  mil  also  be  In  a  position  of 
stable  equilibrium  when  the  centre  of  gravity  occupies  a  Jower  posiition 
timn  it  would  a*.'quire  in  any  other  position  of  the  floating  body.  But 
m  iufth  case4  the  stability  of  the  equiUbrtmn  of  the  floating  body  ia  more 
reidily  underatiKKl  by  refcrenee  to  another  point  called  the  mdacentret 
308,  The  HMtaioentrfi  m  Jloatiuff  hodij  is  the  point  tchtre  the 
veriiral  ptisftng  thraugh  ihe  centre  of  buof/anciff  in  (he  ponili&n  of 
tqnilibrinm,  mctU  IKk  vcriieeU  drawn  through  the  new  ccntn  ofhrn^anctj, 
tphen  tfte  b<t*bj  km  been  stighth/  dinpttKfdfrom  this  position. 

By  reference  to  figa.  158  and  159  it  will  seen  that  G  or  G  g  ii  the 
vertical  irhii'h  passes  through  the  centre  of  buoyancy  in  the  puaitioaof 
ttable  eqiiilibrimit,  and  V^q  the  vertical  passing  through  the  centre  of 
baojftjicy  when  the  body  ia  moved  a  little  from  the  position  of  equiJi- 
hrtuni :  hence,  q  ia  the  metaecntro  related  to  the  position  of  stable  equU 
riono,  and  m  this  ca^e  it  h  above  the  centre  of  gravity. 

fforring  to  figs.  ICO  and  10 1 ,  we  see  that  the  metacentre  is  at  g^,  fig. 
I,  or  at  a  point  below  the  centre  of  gravity. 

th«  ni«lii««oirfi  muy  diio  b4  foaitti  taking  tha  point  of  ieit«ra««tic»a  of  nr- 
Livalf  lumiiif  through  tlio  «oati«a  of  tnioyaaey  in  may  two  poiiitioni  ticor  cAcb 
Blhcr. 

A  tloatln]^  bmly  wiU  he  in  stable  equilibrium  whenever  tlio  meta- 
oentrii  in  abovo  the  centre  of  gruvity,  and  the  degree  of  stability  will 
b«  in  prtJptjrtiun  to  the  di«taDce  of  the  metacentre  above  the  centre  of 
f  ity,,    Thia  depcniU  on  the  form  of  the  floating  body. 

bun  tht*  I'f-titfi!  or  gravity  If  below  the  ecntrfr  of  bui^Tanejr,  the  1Ilctabl^DIltro 
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must  evidently  always  be  abore  the  centre  of  gnrity,  and  this  condition  is 
always  stable.  It  is  also  evident  that  the  stability  of  a  floating  body  increases 
with  the  breadth  of  the  part  submerged.  These  principles  are  of  great  import- 
ance in  the  construction  and  loading  of  ships.  The  metaoontre  may  be  regarded 
as  a  sort  of  fulcrum  above  which  is  the  pressure  of  the  sails,  and  below  the 
weight  of  the  ship. 

Vessels  designed  for  transporting  passengers  and  light  cargo  require  heavy 
ballast  of  iron  or  stone  placed  near  the  keel,  to  preserve  the  equilibrium.  On 
the  other  hand,  vessels  loaded  with  iron  have  the  centre  of  gravity  so  low  as  to 
cause  injurious  strain  upon  the  ship,  unless  the  cargo  is  elevated  by  cross  piling 
or  other  supports  to  raise  the  centre  of  gravity  so  as  to  allow  the  ship  to  roll 
easily  in  a  heavy  sea.  The  equilibrium  of  small  boats  is  from  the  same  cause 
often  disturbed  by  the  unguarded  movements  of  the  passengers.  The  rolling 
of  a  vessel  in  a  storm  may  so  shift  the  position  of  the  cargo,  and  thus  remove 
the  centre  of  gravity,  that  the  vessel  may  be  thrown  upon  her  beam-ends,  and 
be  lost. 

y.   DETERMINATION  OF  SPECIFIC  ORATITT. 

209.  The  problem  stated. — Methods. — ^We  have  already  consi- 
dered the  relations  of  density  and  specifio  weight  to  mass  and  weight 
(96-99).  Most  of  the  methods  in  use  to  determine  specific  gravity 
depend  on  the  principles  of  hydrostatics  just  considered,  and  serve  as 
illustrations  of  them.   The  problem  is : — 

lb  compare  the  weighl  of  any  body  whose  specific  graxUy  is  sought 
vnth  the  weight  of  an  equal  volume  of  water  taken  162 
as  unity.   The  specific  gravity  is  found  by  dividing 
the  first  weight  by  the  second. 

Methods. — This  operation  is  performed  first, 
by  the  hydrostatic  balance;  second,  by  the  specific 
gravity  bottle;  third,  by  various  floating  instru- 
ments called  hydrometers  or  areometers. 

All  these  methods  resolve  themselves  into  special 
cases  of  the  Theorem  of  Archimedes,  J  205. 

'210.  Specifio  gravity  by  the  hydrostatio 
balance. — The  solid  (heavier  than  water)  is  sus- 
pended beneath  the  pan  of  a  balance  by  means 
of  a  fine  filament  of  raw  silk,  and  then  weighed, 
hanging  in  air.  It  is  then  immersed  in  water  as 
in  fig.  1G2,  and  the  weight  it  loses  determined. 
This  loss  is  equal  (according  to  the  principle  of 
Archimedes)  to  the  weight  of  a  volume  of  water 
of  the  same  bulk  as  the  immersed  body.  Sub-  )■ 
tracting  the  weight  of  the  substance  in  water 
from  its  weight  in  air,  and  dividing  the  latter  ^^^"^^^^^^ 
by  the  difference,  the  product  will  be  the  specific  gravity  reqaired. 
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Bzample. — A  piece  of  iron  weighed  in  mir  460  grains,  in  water  401*16  grs. 
Then  460 — 401*16  =  58*84  gra.,  which  equals  the  weight  of  a  volume  of  water 
equal  to  the  iron,  and  460  -h  68*84  =  7*8  =  specific  gravity  of  the  iron. 

To  make  the  cose  general,  let  Whe  the  weight  of  the  body,  and 
the  lo68  of  weight  in  water,  then  by  the  definition 

{Sp.  <7r.)=-^- 

The  reuult  thus  obtained  is  always  to  be  reduced  to  a  standard  tem- 
perature. 

For  solids  lighter  than  water, — If  the  body  whose  specific  gravity 
is  to  be  determined  is  lighter  than  water,  it  must  be  attached  to  some 
■olid  (whose  weight  in  air  and  in  water  is  known)  sufficiently  dense  to 
sink  it  in  water.  The  compound  mass  is  weighed  first  in  air,  and  then 
in  water,  and  the  loss  determined,  the  weight  lost  by  weighing  the 
heavy  body  alone  in  water  being  known,  the  weight  of  the  light  body 
in  air,  divided  by  the  difference  between  these  losses,  gives  the  specific 
gravity. 

Example. — A  substance  weighed  in  air  200  grains,  attached  to  a  piece  of 
copper  it  weighed  in  air  2247  grs.,  in  water  1620  grs.,  suffering  a  loss  of  627  grs. 
The  copper  itself  loses,  when  weighed  in  water,  230  grs.,  627  —  230  =  397,  then 

W  163 
Sp.  Gr.  =  ^,  =  200  -~  397  =  *i)04. 

• 

For  liquids. — The  hydrostatic  balance  also  applies  to 
liquids  as  well  as  to  solids — whether  the  liquids  are  denser 
or  lighter  than  water. 

For  this  purpose  a  small  glass  tube  is  prepared,  including 
enough  mercury  to  sink  it  in  any  liquid  not  heavier  than 
mercury.  It  is  hermetically  sealed,  the  end  bent  into  a  hook, 
and  the  whole  suspended  by  a  very  thin  platinum  wire  from 
the  pan  of  a  balance.  Fig.  163  shows  this  apparatus  of  full 
size. 

The  weight  of  the  volume  of  water  which  this  system  dis- 
places at  C0°  F.  (or  at  4°  C.)  is  first  determined  by  the  mode 
described  for  solids.  This  is  a  constant  quantity,  and  may 
he  called  C.  If  the  tube  is  now  immersed  in  another  liquid, 
as  in  alcohol  for  example,  it  will  require  a  certain  weight  to 
restore  the  equilibrium  (the  weight  of  the  tube  and  mercury 
is  supposed  to  be  counterpoised  in  each  case  by  a  constant 
weight  prepared  fur  the  purpose).  The  amount  of  this 
weight,  W  (required  to  restore  the  equilibrium),  is  the  weight  of  a 
volume  of  the  liquid  displaced  by  the  tube.  But  the  weight  of  tlie 
17* 
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same  Tolume  of  wator  is  known  {C.)  Ilenoe  the  speoifio  graTity  of  {he 
liquid  18 

Example.— A  glass  tube,  like  fig.  163,  lost  in  water  2-0010  grains  =  C,in 
W 


alcohol  it  lost  2-4081 


=  -80511  =  Sp,  Or.  of  the  aleohoL 


211.  Specific  gravity  bottle. — For  liquids. — ^Whon  it  is  required 
to  determine  the  specific  gravity  of  a  liquid,  the  specific  gravity  bottle 
offers  the  easiest  and  most  simple  method.  Such 
a  bottle  is  shown  in  fig.  164.  It  is  closed  by  a 
ground  glass  stopper,  and  the  neck  is  drawn  out 
to  a  fine  tube  (the  upper  portion  of  which  serves 
for  a  funnel  in  filling  the  bottle),  upon  which,  at 
A,  is  traced  a  fine  line  to  which  the  bottle  is  to  be 
filled  at  each  experiment  The  tare  of  the  bottle 
is  accurately  determined  and  noted  once  for  all. 
It  is  then  filled  to  A  with  pure  water  and  weighed 
ngain.  This  weight  less  the  tare  gives  its  capacity 
of  water  at  a  fixed  temperature.  To  determine 
the  specific  gravity  of  any  other  liquid,  the  bottle 
is  filled  with  it  and  weighed  as  before.  Deducting 
the  tare  of  the  bottle,  we  now  know  the  weight  of 
a  volume  of  the  liquid  equal  to  the  same  volume 
of  water.   Representing  these  two  weights  by  IP 

W 

and  TT,  we  have  {Sp.  Gr.)  =  ^p.    In  all  cases, 

the  result  must  be  reduced  to  a  standard  tempera- 
ture as  described  in  the  Chapter  on  Heat. 

For  solids. — When  broken  in  small  fragments, 
we  may  also  use  tbo  specific  gravity  bottle.   In  this  case  the  weight 
of  the  bottle  when  empty,  and  also  when  filled  with  pure  water,  being 
known,  a  known  weight  of  the  solid  in  fragments  is  165 
introduced,  as  in  fig.  165.    Calling  the  weight  of  the 
bottle  and  water  =  Wa^  and  the  weight  of  the  solid  added 
JV,  and  the  weight  of  the  bottle  solid  and  water  Wb^  it  is 
plain  that  the  weight  of  water  displaced  by  the  solid  is 
TP  =  Wa  +  TV—  Wb,  and  that  the  specific  gravity  of 
the  solid  is 

This  value  must  be  corrected  for  temperature  as  before. 
For  solids  soluble  in  water  we  must  employ  some  liquid 
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17J 


I 


r 


^   0,  Oj 


Id  which  tli«  iubetooce  !b  insoluble  aa  alcohol,  oU  of  turpetitine^ 
Tbfl  fpwific  gravitj  thus  determined  m  reJuced  to  the  standard  of  water 
Ij  muluplyifig  it  Ij  the  known  dgaaitj  of  the  litiuid  employed ;  tliua,  for 

Bxami^le.— A  fubitKnn  aalaKtc  Id  wftt«r  Vhs  weighod  m  oil,  ftnd  tis  »pee)0« 
crariij^  eviiipft?fi4  with       <»Uj  tbo  apeciflo  grivitjr  of  tJie  oil  wai  'S7 ; 

tbeti  S  <t  X  'BT  ==  2-262  tiie  FiHSt'ifio  ^oTitj  of  tbo  »iibat4tiee. 

212L  Specific  gravities  by  bydjometera  or  areometers^ — In 
libit  m(A9  the  baliinco  is  replaced  by  floiitiug  bodica  called  hydromtitrs 
or  areometers.  There  are  two  classes  of  Lbese  inetrumcnt«,  namelj, 
fint,  kjfdmmeieri  wiih  a  constant  volume ;  and,  second,  htjdromeiera  with 
mcnstani  weight. 

L  WIchoIsoQ'a  hydrometer  or  areometer  h  an  instrumetit  of  the 
firtt  eliy(«^  tised  fur  determining  the  specific  gravity  of  aoHdB.  It  conaiata 
of  ft  hi>Uovr  cylinder  of  metal  or  glass,  B,  iig,  1C6,  hating  attaclied  at 
Ite  lower  end  a  cose,  C,  loaded  with  leail,  which  causes  the  npparatua 
to  Msnme  tm  upright  positiuti  when  placed  id  water. 
The  upper  pari  of  the  cylinder  is  terminated  by  a 
^emter  rod,  on  the  end  of  whieb  la  a  small  pan,  A, 
for  holding  weights.  The  whole  apparatus  must 
heire  ft  leM  tpectfic  graritj  than  water,  so  that  a 
eertatn  weight,  represented  by  C,  must  be  put  la  tha 
]MQ  to  sink  the  areometer  to  tlje  water  mark,  0,  If 
we  wiah  t&  determine  the  apecific  gravity  of  a  solid 
(wiMiee  weight  must  be  leas  than  C)t  we  place  it  in 
the  pan  and  add  weights  until  O  is  brought  to 
the  level  of  the  water.  Tbe  weight  C,  minus  the 
wcigbt«  lost  added,  will  be  the  weight  of  the  body 
to  air.  It  is  now  taken  from  A,  and  placed  in  C ;  the 
ftddiliuoaJ  weight  now  required  to  sink  the  cylinder 
to  the  iade^,  0,  will  be  the  weight  lost  in  water, 

hoire  now  the  data  for  deteTmining  the  specific  gravity  of  the  solid. 
W  example,  if  tbe  eounterpoise  weighed  250  grsi.,  and  a  masB  of 
whoae  cpecific  gravity  we  wiish  to  ascertain,  requires,  when  placed 
B  A,  .SO  gr*.  to  be  added  in  order  to  briog  the  hydrometer  to  tbe  point 
Ihca  (250 — 5€)  200  U  the  weight  of  the  lead  in  air ;  placing  now 
tti«  lead  on  C,  we  find  that  it  requires  the  addition  of  IT '47  grs.  on  A^ 
Oirdor  U>  ootinlerbii lance  tlio  iu^trunient :  consequently  tbe  tpeclfio 
ity  of  the  lead  In  1 1*45.  ^Vft  ^  1I'45.  If  tlie  substance  is  lighter 
watftr,  it  19  confined  under  a  perforated  cover  or  wire  cage  placed 
Cj  which  pri'vetiU  its  rising. 
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If  "we  represent  these  successive  weights  by  C,  W,  and  TP,  then  in 
any  case 

a.  FaKrenheift  hydrometer  is  the  Bame  instnimeni  (omitting  the  lover  pan) 
constructed  of  glass  and  designed  to  measure  the  specific  gravity  of  liquids. 
Knowing  (by  the  balance)  the  constant  weight  (C)  of  the  instrument,  and  also 
the  weight  (c)  required  to  sink  it  to  a  fixed  point  on  the  stem — the  sum  of  which 
weights  (by  210)  is  equal  to  the  weight  of  the  water  displaced.  Wo  have  only 
to  float  it  in  any  liquid  whose  specific  gravity  we  would  ascertain,  and  note  the 
weight,  W,  required  to  sink  it  to  the  fixed  point  on  the  stem.  The  weight  of 
the  liquid  displaced  is  then  C  -\-  W,  and  since  C  -\-  e  and  (7  -f-  IK  are  the 
weights  of  equal  volumes  of  water  and  of  the  liquid,  the  specific  gravity  of  the 
liquid  is  found  by  dividing  the  latter  by  the  former,  or  {Sp.  Gr.)  =  ((7  W)-^ 
(C-f-c.) 

h.  Jioutaean't  hydrometer  is  a  form  of  this  instrument  adapted  to  determining 
the  specific  gravities  of  liquids  of  which  we  possess  too  small  a  portion  to  float  a 
common  hydrometer.  For  this  end,  a  cup  of  glass  replaces  the  pan  A,  which  holds 
say  one  cubic  centimetre.  Thus  loaded,  the  instrument  sinks  to  a  point  marked 
20°  near  the  middle  of  the  stem.  The  stem  is  divided  between  this  point  and 
ccro  into  twenty  equal  parts,  each  of  which  consequently  measures  one-twentieth 
of  a  gramme  or  0-05  gramme.  The  specific  gravity  of  a  liquid  is  then  found  by 
this  instrument  by  multiplying  0*05  by  the  number  of  the  division  to  which  it 
sinks  when  loaded  with  one  cubic  centimetre  of  the  liquid  used. 

2.  Qay  Lussac's  and  Beaume's  hydrometers  are  instruments 
having  a  constant  weight,  and  by  which  we  determine  the  specific 
gravity  of  a  liquid  by  measuring  the  volume  of  fluid  displaced  by  the 
floating  instrument — which  weight,  as  we  have  seen,  is  the  same  as  the 
weight  of  the  instrument  itself.  But  we  have  shown  (99),  that  for 
equal  absolute  weights  the  specific  weight  is  inversely  as  the  volume  or 
[Sp.  Gr.)  =■  -V-  F,  where  F'  equals  the  volume  of  water  displaced  by 
the  instrument,  and  Fthc  volume  of  any  other  liquid  displaced  by  it. 
In  other  words,  we  can  find  the  specific  gravity  of  any  liquid  by  ditnd- 
ing  the  volume  of  a  given  weight  of  toater  by  the  volume  of  the  same 
VDcight  of  the  liquid  whose  specific  gravity  is  required. 

Instruments  of  this  class  are  very  common  and  in  constant  use  for 
determining  the  specific  gravity  of  alcohol,  acids,  alkaline  solutions, 
urine,  milk,  and  many  other  liquids.  Figs.  1G7  and  168  show  the  form 
of  Gay  Lussac's  densimeter,  as  it  is  oilen  called.  It  is  a  glass  tube  con- 
taining enough  mercury  in  the  lower  end  to  cause  the  tube  to  float  in 
pure  water  at  the  hundreth  division  of  a  scale  of  equal  parts  traced  on 
paper  and  sealed  up  inside  the  tube.  If  it  displaces  100  measures  of 
water,  floated  in  sulphuric  acid  it  displaces  only  54  measures,  and 
therefore  the  specific  gravity  of  sulphurio  acid  is  100  -i-  54  =  1*85. 
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For  flaidfl  lighter  than  water,  the  graduation  is  carried  up  say 
(u  we  know  of  no  liquid  of  a  less  specific  grayity  than  0*60). 


to  166 
Then 
168 


fQL 


4». 


10= 


If 


100 


{dated  in  pare  alcohol  it  rises  say  to  125  degrees,  or 
the  specific  gravity  of  alcohol  is  100  + 125  =  0*80. 

By  giving  the  instrument  the  form  shown  in 
fig.  168,  much  needless  length  is  saved  on  the 
stem,  since  the  ball  is  so  placed  as  to  be  always 
immersed,  and  its  buoyancy  is  equal  to  that  of  a 
much  greater  length  of  tube.  The  scales  are  also 
Qsoally  divided  among  the  instruments — one  for 
liquids  lighter  than  water,  one  for  specific  gravities 
from  1*  to  1*33  (corresponding  to  100  to  75),  and 
another  reading  from  75  (corresponding  to  1*33)  at 
the  top  down  to  50  (corresponding  to  2*06)  near  its 
middle.  These  instruments  are  not  of  scientific  accu- 
racy, but  are  ready  modes  of  determining  ofi'-hand 
the  approximate  specific  gravity  of  a  given  liquid. 

The  scales  of  Beaum6  (that  most  in  use),  as  well 
as  those  of  Cartier  and  Beck,  are  purely  arbitrary. 
Table  V.  at  the  end  this  volume  shows  the  corres- 
pondence of  their  degrees  to  real  specific  gravities. 

Table  VI.  gives  the  specific  gravity  of  some  of  the 
more  frequently  occurring  liquids  and  solids. 

I  2.  Hydraulics. 

I.   MOTION  OP  LIQUIDS. 

213.  Definition. — Hydraulics  (from  the  Greek  Odtup,  water,  and 
aoXo^t  a  pipe),  is  that  part  of  hydro-dynamics  which  treats  of  the  flow 
and  elevation  of  liquids,  especially  water,  and  the  construction  of  all 
kinds  of  instruments  and  machines  for  moving  them,  or  to  be  moved  by 
them.  Hero  of  Alexandria  (about  130  b.  c.)  appears  to  have  been 
the  earliest  author  on  this  subject 

214.  Presaore  of  liquids  upon  the  containing  vessel. — A  vessel 
filled  with  water,  or  any  other  liquid,  and  closed,  is  subject  to  two  pres- 
sures acting  in  opposite  directions :  namely,  1.  The  atmospheric  pres- 
sure, acting  from  without  inwards ;  and  2.  The  pressure  of  the  column 
of  contained  liquid  acting  against  the  walls.  If  a  vessel  so  situated  is 
pierced,  and  the  pressure  from  within  outwards  is  stronger  than  the 
external  pressure,  the  liquid  will  flow  out ;  but  if  the  external  pressure 
is  the  stronger,  the  liquid  will  not  escape. 
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This  statement  may  be  illustrated  by  filling  a  glass  vessel,  as  a  wine-glass, 
with  water,  placing  a  piece  of  paper  over  its  top,  and  supporting  the  paper  with 
the  hand,  at  the  same  time  inTerting  the  glass ;  then  remoring  the  hand  from 
the  paper  and  holding  the  glass  inyerted,  the  fluid  will  not  escape,  the  external 
(atmospheric)  pressure  against  the  paper  being  greater  than  the  weight  of  the 
column  of  water  pressing  downwards. 

The  mass  of  liquid  escaping  from  an  orifice  in  a  Tessel,  is  called  a 
rem. 

215.  Appearance  of  the  surface  daring  a  dia-  169 
charge.— The  surface  of  a  liquid,  discharging  itself 
from  an  orifice  in  a  containing  vessel,  does  not  usually 
remain  horizontal. 

When  the  vein  issues  from  an  opening  in  the  bottom 
of  the  vessel,  and  the  level  of  the  liquid  is  near  the  ori- 
fice, a  funnel-shaped  depression  is  found  in  the  liquid, 
fig.  169.  If  the  liquid  has  a  rotatory  movement,  the 
funnel  is  formed  sooner  than  if  it  is  at  rest.  If  the 
orifice  is  at  the  side  of  the  vessel,  there  is  a  depression  170 
of  the  surface  upon  that  side,  above  the  orifice,  fig. 
173.  These  movements  depend  upon  the  form  of  the 
vessel,  the  height  of  the  liquid  in  it,  and  the  dimensions 
and  form  of  the  orifice. 

21G.  Theoretical  and  actual  flow. — The  actual 
flow  from  an  orifice,  is  the  volume  of  liquid  which 
escapes  from  it  in  a  given  time.  The  theoretical  flow  is  a  volume 
equal  to  that  of  a  cylinder  which  has  for  its  base  the  orifice,  and  for  its 
height  the  velocity,  furnished  by  the  theorem  of  Torricelli.  That  is, 
the  theoretical  flow  is  the  product  of  the  area  of  the  orifice  multiplied 
by  the  theoretical  velocity. 

It  is,  however,  observed  that  the  vein  escaping  from  an  orifice,  con- 
tracts quite  rapidly,  so  that  its  diameter  is  soon  only  about  two-thirds 
of  the  diameter  of  the  orifice.  If  there  was  no  contraction  of  the  vein 
after  leaving  the  orifice,  and  its  velocity  was  the  theoretical  velocity, 
the  actual  flow  would  be  the  same  as  that  indicated  by  theory.  But  the 
section  of  the  vein  is  soon  much  less  than  at  the  orifice,  and  its  velocity 
is  not  so  great  as  the  theoretical  velocity,  so  that  the  actual  is  much 
less  than  the  theoretical  flow ;  and,  in  order  to  reduce  this  to  the  firsts 
it  is  necessary  to  multiply  it  by  a  fraction  which  is  named  "  the  oo-effi- 
cient  of  contraction." 

From  comparative  experiments,  made  by  a  great  number  of  observers, 
the  actual  flow  has  been  determined  to  be  only  about  two-thirds  of  the 
theoretical  flow. 
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Praetieally,  the  flow,  J^,  in  a  unit  of  time,  ia  ealealated  by  the  formula  F-m 
■  *«,  where  m  ia  a  constant,  representing  the  ratio  between  the  actual  and  theo- 
retiMl  velocity  or  flow ;  in  other  words,  between  the  area  of  the  orifice  and  the 
irea  of  the  teetion  of  greatest  contraction  in  the  vein.  This  coefficient  of  con- 
traction, m  -a  0'62 ;  and  thai  the  abore  formula  becomes 

l'=0-62.   »|/^  =  2-75*|/5: 
s=s  the  Mctional  area  of  the  orifice. 

The  contraction  of  the  vein  is  most  noticeable  in  downward  flowing 
jets.   If  the  jet  is  thrown  upwards,  at  an  angle  171 
of  25**  to  45**,  the  vein  preserves  its  own  diameter ; 
bat  if  it  surpasses  45^  its  section  increases. 

By  suspending  solid  particles  in  the  water,  the  cur- 
TSBtfl  that  are  formed  by  an  escaping  rein  are  made 
Tisible.  The  solid  particles  direct  themselres,  in  curved 
Uqcs,  towards  and  into  the  orifice,  as  a  centre  of  attrac- 
tion, fig.  171.  The  particles  in  immediate  contact  with 
the  orifice,  owing  to  fnetion,  not  moring  so  easily  as 
those  near  the  axis,  contraction  must  result ;  we  can  see 
alto,  that  gravity,  by  accelerating  the  velocity,  must  cause  continual  decrease 
in  the  section  of  the  jet. 

217.  Reaction  of  the  escaping  vein. — Barker's  mill.— When  a 
jet  of  liquid  escapes  from  an  orifice  in  a  containing  vessel,  the  pressure 
of  the  liquid  upon  the  walls  at  the  point  of 
escape  finding  no  counteracting  force,  the 
horizontal  component  of  the  column  is  not  de- 
stroyed as  when  the  opening  is  closed ;  and  this 
force  reacts  to  thrust  the  vessel  in  a  direction 
opposite  to  that  of  the  escaping  vein. 

This  reaction  is  made  sensible  by  suspend- 
ing the  containing  vessel  on  a  free  vertical 
axis,  as  in  the  apparatus  known  as  Barker's 
Mill,  fig.  172.  The  orifices  of  escape  for  the  vein 
are  here  in  the  ends  of  a  horizontal  pipe  bent 
at  right  angles,  and  in  opposite  directions, 
formed  as  seen  at  AB,  where  the  arrow 
shows  the  point  of  reaction  of  the  escaping 
vein  upon  the  end-wall  of  the  tube. 

It  might  be  supposed,  as  was  assumed  by  Newton,  that  the  moving 
force  in  this  case  was  only  the  horizontal  component  of  a  force  equal 
to  a  column  of  liquid  whose  base  was  equal  to  the  area  of  the  orifice, 
and  whose  height  was  the  distance  of  its  centre  of  gravity  from  the 
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level.  But  the  effects  from  presanre  are  not  the  same  for  a  liqnid  in 
motion  as  when  in  equilibrium ;  and  D.  Bernoulli  has  demonstrated — 

ThcU  it  in  this  case,  requiaile  to  estimate  the  force  of  reaction  at 
double  the  height  of  the  liquid  above  the  centre  of  gravity  of  the  orifice. 

This  principle  is  applied  in  the  construction  of  reaction  water- 
wheels. 

218.  Flow. — The  volume  of  liquid  escaping  in  a  given  time  from  an 
orifice  is  called  its  flow.  This  depends  on  the  size  of  the  opening  and 
the  velocity  of  the  jet  Assuming  the  motion  of  the  jet  to  be  uniform 
for  a  given  time,  say  one  second,  Uie  distance  passed  over  by  an  escap- 
ing molecule  in  this  time  is  called  its  velocity.  The  velocity  depends 
chiefly  on  the  height  of  the  liquid  above  the  centre  of  gravity  of  the 
orifice ;  this  height  is  called  the  head  or  column. 

The  velocity  of  flow  is  modified  among  other  eanses  also  by  the  friction  of  the 
liquid,  both  at  the  opening  and  against  the  walls.  When  the  aperture  is  made 
in  a  rery  thin  wall  of  a  large  ressel,  so  as  to  reduce  as  much  as  possible  the 
causes  tending  to  modify  the  motion  of  the  escaping  fluid,  the  laws  of  the  escape 
are  comprised  in  the  following  theorem,  announced  by  Torricelli,  in  1643,  as  a 
consequence  of  the  law  of  falling  bodies  discovered  by  Galileo. 

219.  Theorem  of  Torricelli. — Liquid  molecules,  flowing  from  an 
oriflce,  have  the  same  vdocUy  as  if  they  fdl  fredy  in  vacuo,  from  a  height 
equal  to  the  vertical  distance  from  the  surface  of  the  liquid  to  the  centre 
of  gravity  of  the  orifice. 

If  if  represents  the  height  of  the  head  above  the  centre  of  gravity 
of  the  orifice,  then  the  velocity  is  expressed  by  the  formula 

DedactionB  from  the  Torricellian  Theorem. — 1.  The  velocity 
depends  on  the  depth  of  the  onflce  from  the  surface,  and  is  independent 
of  the  density  of  the  liquid. 

Water  and  mercury  in  vacuo  would  fall  from  the  same  height  in  the 
same  time ;  and  so  escaping  from  an  orifice  at  the  same  depth,  below 
the  surface,  would  pass  out  with  equal  velocity  ;  but  mercury  being  13'5 
times  as  heavy  as  water,  the  pressure  exerted  at  the  aperture  of  a  vessel 
filled  with  mercury,  will  be  13*5  times  as  great  as  the  pressure  exerted 
at  the  aperture  of  a  vessel  filled  with  water. 

2.  The  velocity  of  flow  of  liquids  from  an  orifice  is  as  the  square  roots 
of  the  Jiead. 

Thus,  stating  the  velocity  of  a  liquid  escaping  from  an  orifice  one  foot 
below  the  surface,  to  be  one  ;  from  a  similar  orifice,  four  feet  below  the 
surface,  it  will  be  two;  and  at  nine  feet,  three;  at  sixteen  feet,ybur;  and 
soon. 
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Let  ^represent  the  height  of  the  liqaid  above  the  orifice,  g  the  accelerating 
feree  of  graTity,  and  «  the  velocitj  of  discharge ;  we  shall  hare  v  =  y^2gH. 

220.  Demonstration  of  the  theorem  of  Torricelli. — The  theorem 
of  Torricelli  may  be  demonstrated  by  means  of  the  apparatus  shown 
It  fig.  173. 

A  cylindrical  rase,  a  «,  enlarged  into  a  resenroir  at  the  top,  is  filled  with  water, 
la  the  aide  of  the  rase  are  orifices,  I,  w,  n,  o,  so  situated  that  m  is  at  the 
flsntre  of  a  e,  and  k  and  o  are  equidistant 
froas  aa  are  also  I  and  n.  Let  x  repre- 
sent the  horisontal  range  of  a  spouting 
Jet,  and  jf  the  height  of  the  orifice  above 
the  horisontal  line  a  b,  let  if  be  the 
height  of  the  water  abore  the  orifice, 
sad  a  the  angle  of  eleration  of  the  direo- 
tion  of  the  jet  as  it  issues  from  the  orifice : 
then  by  the  laws  of  falling  bodies  (71), 
eombined  with  the  laws  of  projectiles 
(IM)  we  shall  hare 

x  =  9t  COS.  a,  and  y  =  Igfi — vt  sin.  a. 
Eliminating  t  from  these  equations,  we 
obtain 

2ir  cos.''  a 

When  the  water  issues  horizontally  from 

2r«  ' 


the  orifice,  a  becomes  zero  and  y  = 


and 


(2-) 


V=:X  \l_ 

\2y 


The  values  of  x  and  y  being  determined  by  obscrration  in  any  case,  the  value 
of  r,  or  the  velocity  with  which  the  Jet  issues  from  the  orifice,  is  readily  calcn- 
Uted  by  formula  (2).  This  velocity  is  fonnd  to  accord  very  nearly  with  the 
Telocity  which  a  body  would  acquire  in  falling  freely  from  a  height  equal  to  the 
kead  of  the  fluid  above  the  orifice. 

Bossnet  found  by  using  mercury  that  the  variation  from  this  value  of  r  was 
less  than  one  hundredth  part  of  the  velocity. 

There  is  a  remarkable  consequence  of  this  law  which  may  easily  be 
verified  by  experiment.  In  the  formula  for  the  value  of  x  replacing  v 
by  its  value  y/2gH  ^®  ^^^^    =  4/7y. 

(a).  The  Talue  of  x  is  the  greatest  possible  when  Zr=  y  =  \ae^  as  is 
Bhown  in  the  figure,  where  the  jet  issuing  from  the  centre  of  the  cylinder 
has  a  greater  range  than  any  jet  either  above  or  below  the  centre. 

(6).  Since  y  =  ac  —  if,  the  values  of  y  and  H  may  be  interchanged 
without  altering  the  value  of  x;  that  is,  two  jets  issuing  from  orifices  at 
eqoal  distanoet  above  and  below  m  meet  the  horizontal  line  ab  at  the 
18 
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Bame  point  as  is  shown  in  the  figure  where  the  jets  issuing  from  k  and 
0  have  the  same  range,  and  also  the  jets  I  and  n. 

The  yaluo  of  x  and  y  being  determined  bj  obserration,  the  ralne  of  v,  or  the 
Telocity  of  the  jet,  becomes  known  by  the  formula  (2). 

221.  The  inch  of  water  named  by  hydraulic  engineers  as  the  unit 
of  measurement  in  the  scale  of  water,  is  the  volume  of  water  which 
escapes  in  a  given  time,  say  one  minute,  through  an  orifice  of  one  inch 
diameter  whose  centre  is  one  and  one-twelflh  inches  below  a  constant 
surface. 

PROifT  has  harmonized  this  unit  with  the  French  metrical  system  by  employ- 
ing a  pipe  of  two  centimetres  internal  diameter  and  17  millimetres  long,  under  a 
head  of  two  centimetres.  lie  preserves  the  term  inch  of  water,  restricting  it  to 
the  quantity  of  water  escaping  in  one  minute  from  such  an  opening,  equal  to 
13-333  litres,  or  11 '766  quarts.  In  24  hours  this  orifice  will  Aimish  20  eubio 
metres,  equal  to  4,402  gallons  English  measure. 

222.  ConBtitntion  of  liquid  veina. — The  form  and  constitution 
of  liquid  veins  have  been  studied  by  a  great  number  of  experimenters. 
The  results  of  F.  Savart,  and  more  lately  of  G.  Magnus  (Poggendor£f 
Annalen,  cvi.,  p.  1),  are  those  here  given. 

It  is  determined,  1.  That  if  a  liquid  vein  issues  quite  calmly  and 
vertically  downwards,  from  a  circular  orifice  in  a  plane  and  thin  hori- 
zontal wall,  no  morement  of  rotation  existing  in  the  mass  of  the  liquid, 
such  a  stream  forms  a  continuous  perfectly  smooth  cylindrical  mass, 
the  diameter  of  which  diminishes  with  the  distance  from  the  orifice  to 
the  point  where  disintegration  commences.  From  this  point  the  vein 
assumes  a  turbid  appearance,  enlarges  in  diameter,  and  commences  to 
spirt  off  small  drops  laterally. 

2.  If  the  mass  of  liquid  is  in  rotation  in  the  vase,  or  any  cause  of 
vibration  exists,  as  from  the  sounding  of  a  musical  note,  then  the  vein 
is  separated  into  two  distinct  parts,  fig.  174.  The  portion  nearest  the 
orifice  is  calm  and  transparent,  like  a  rod  of  glass,  gradually  decreasing 
in  diameter.  The  second,  on  the  contrary,  is  constantly  agitated,  and 
takes  an  irregular  form,  in  which  are  distributed,  at  regular  distances, 
elongated  swellings,  called  "ventral  segments,"  whose  maximum 
diameter  is  greater  than  that  of  the  orifice :  while  the  position  of  the 
first  swelling  is  always  much  nearer  the  orifice  tlian  tlie  point  where 
tlie  Jet  without  swellings  commences  to  become  turbid. 

Magnus  found  that  the  best  means  to  produce  these  ''ventral  segments"  were 
a  largo  tuning  fork  sounding  C  below  the  line— and  the  monotonous  hum  of  the 
magnetic  hammer  or  break-piece  used  in  electro-magnetic  apparatus. 

3.  The  swellings  consist  of  separate  isolated  masses  of  water,  as 
shown  in  fig.  175.  However  regular  their  external  form  may  be,  they 
are  still  formed  of  separate  masses,  as  may  be  readily  distinguished  by 
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Iwldlng  a  piece  of  wire  in  the  hand  so  that  one  of  its  ends  penetrates 
a  little  way  into  the  jet.  A  uniform  pressure  is  felt  when  the  wire 
b  struck  by  the  smooth  part  of  the  stream,  but 
vhen  struck  by  a  swelling  a  strong  ribratory  and 
intermitting  motion  is  felt.  The  separate  masses 
of  water  forming  the  swelling,  clearly  communi- 
eate  this  motion  to  the  air,  and  thus  disturb  the 
flame  of  a  gas  jet  brought  near  them,  which  the 
smooth  part  of  the  stream  does  not  do. 

SaTart  found  that  the  swellings  are  formed  of 
disseminated  globules,  elongated  in  the  transverse 
direction  of  the  vein,  and  that  the  contractions  or 
knots  are  formed  of  globules,  elongated  in  the 
longitudinal  way,  fig.  175:  also  that  the  limpid 
part  of  the  vein  is  formed  of  annular  swellings 
which  originate  very  near  the  orifice,  propagating 
themselves  at  unequal  intervals  to  the  troubled 
part,  where  they  separate,  of  the  same  form  at  the 
instant  of  their  separation,  but  changing  periodi- 
cally. 

4.  The  "ventral  segments"  are  produced  by 
the  vibration  of  the  orifice  through  which  the 
water  flows,  and  they  change  with  the  strength 
of  the  note  producing  the  vibration,  as  well  aa 
with  the  diameter  of  the  orifice. 

The  vein  itself  occasions  a  tone,  partly  be- 
cause its  single  separate  masses  of  water  set  the 
adjacent  air  in  motion,  but  especially  by  the 
impact  of  these  masses  upon  some  sonorous  or  elastic  substance.  Where 
the  orifice  is  made  of  caoutchouc,  and  this  is  carefully  insulated  by  woolen 
pads  from  the  bottom  of  the  vase,  not  even  the  loud  tone  of  a  heavy 
tuning  fork  on  a  sounding  box  (377)  sa£Sced  in  Magnus's  experiments  to 
cause  the  production  of  ventral  segments.  Without  such  precautions 
they  are  often  set  up  spontaneously  by  vibrations  communicated  from 
the  falling  stream  through  the  solid  parts  of  the  apparatus. 

To  obserre  the  eonstitation  of  tbe  swollingfl,  Magnas  used  a  rovolving  card 
perforated  by  a  narrow  radial  slit,  like  the  toy  known  as  tho  anorthoscope^ 
iUominatiDg  the  stream  by  a  lamp,  but  the  details  of  bis  results  exceed  our  space. 

5.  If  the  vein  flows  from  a  very  small  orifice  (less  than  a  millimetre), 
the  small  drops  into  which  the  stream  breaks  up  move  quite  irregularly. 
Bat  on  sounding  a  note  the  drops  arrange  themselves  in  groups  with 
great  regularity — a  certidn  number  always  follow  each  other  imma- 
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diately — a  somewhat  greater  interval  suoceeds,  and  then  the  former 
grouping  of  drops  occurs  again. 

So  in  a  stronger  stream,  under  the  power  of  a  harmonions  note,  the  swellingf 
and  knots  assume  more  regularity,  and  usurp  the  transparent  part,  which  almost 
entirely  disappears — the  flow  of  the  liquid  from  the  orifice  remaining  the  same 
as  at  first 

6.  The  constitution  of  reins  thrown  out  in  any  direction  is  essentially 
the  same ;  hut  the  number  of  pulsations  is  diminished  in  proportion  as 
the  vein  is  projected  more  vertically  upwards. 

223.  Escape  of  liquids  through  short  tubes. — Short  tubes  (odled 
adjutages)  are  often  placed  in  an  orifice  to  increase  the  flow.  They  are 
either  cylindrical  or  conical.  If  the  vein  pass  through  the  tube  without 
adhering  to  it,  the  flow  is  not  modified ;  if  the  vein  adhere  (the  liquid 
wetting  the  interior  walls),  the  contracted  part  is  dilated,  and  the  flow 
increased.  In  the  last  case,  and  with  a  cylindrical  adjutage,  its  length 
not  being  more  than  four  times  its  diameter,  the  flow  is  augmented 
about  one-third. 

Conical  adjutages  converging  towards  the  exterior  of  the  reservoir, 
increase  the  flow  still  more  than  the  preceding,  the  flow  and  velocity  of 
the  vein  varying  with  the  angle  of  convergence.  Conical  adjutages 
diverging  towards  the  exterior,  give  the  greatest  flow.  Thoy  may  give 
a  flow  2 — 4  times  as  great  as  that  which  an  orifice  of  the  same  diameter 
in  a  thin  wall  furnishes,  and  1'4C  times  greater  than  the  theoretical 
flow. 

Practically,  the  flow  daring  a  second  from  cylindrical  a^jntagcs  of  a  length 
three  and  a  quarter  times  the  diameter,  is  found  by  the  formula, 

F  =  0-82  »\/2gH  =  3-62  tj/^j  •  being  the  area  of  the  tube  and  H  the  head. 

224.  Zjscape  of  liquids  through  long  tubes. — ^^7hen  a  liquid 
passes  through  a  long  straight  tube,  the  velocity  of  the  flow  soon  dimi- 
nishes greatly  owing  to  the  friction  between  the  liquid  particles  and 
the  walls.  Bends  or  curves  in  the  tube  increase  the  loss  in  velocity,  for 
the  same  reason.  The  discharge  thus  becomes  very  much  less  than  it 
would  be  from  an  orifice  in  a  thin  wall,  and  to  obviate  this  evil  the  tube 
is  generally  inclined ;  the  liquid  then  passes  down  an  inclined  plane,  or 
it  is  forced  through  by  pressure,  applied  at  the  opposite  end. 

Formulae.— The  discharge,  D,  per  second  through  straight  tubes  of  uniform 
diameter  entirely  open  at  the  end  may  be  determined  by  the  formula, 


in  which  n  is  the  height  of  the  water  above  the  orifice  of  discharge,  d  the 
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iUmetar,  and  /  the  length,  of  the  tube.  The  unit  of  measure  being  the  inch  of 
water,  U  in  this  formula  refers  to  a  head  of  2  centimetres  as  a  unit,  and  the 
'•ngth  /  is  in  metres,  and  d  is  2  centimetres.  The  volume  of  D  in  gallons  is  found 
by  nnltipljing  bj  4*402  in  24  hours  (221).  This  formula  was  deduced  from  the 
•xperiments  of  Ejtelwein.  When  the  tube  is  very  long,  we  may  neglect  bAd 
ss  rvcj  small  in  comparison  with  /,  and  the  formula  to  determine  the  diameter 
leqaired  to  discharge  a  giTon  volume  of  liquid  is, 

.=..«,^ 

The  Telocity  of  the  discharge  is  given  by  the  formula, 

For  long  tabes  the  term  54<l  may  be  neglected,  and  modifying  the  coefficient 
to  correspond  with  the  results  obtained  by  Prony  with  tubes  2280  metres  long. 

V  =  26-79^^i 

225.  Jets  of  water. — As  the  yelocity  of  a  liquid  escaping  from  an 
orifice  is  the  same  as  that  which  a  body  acquires  fulling  from  a  height 
equal  to  the  distance  from  the  surface  of  the  liquid  to  the  orifice,  a  jet 
of  water  ^uting  upwards,  should  rise  to 
the  level  of  the  liquid  in  the  reservoir.  But 
this  never  quite  takes  place,  fig.  176,  be- 
cause of — Ist,  the  friction  in  the  conducting 
tabes  destroying  the  velocity — 2d,  the  re- 
sistance of  the  air — 3d,  the  returning  water 
falling  upon  that  which  is  rising.  The 
height  of  the  jet  is  increased  by  having  the 
orifices  very  small,  in  comparison  with  the 
conducting  tube ;  piercing  them  in  a  very 
thin  wall,  and  inclining  the  jet  a  little,  thus 
avoiding  the  efiect  of  the  returning  water. 

It  has  been  determined  that  the  differences  between  the  height  of  vertical  jets 
and  that  of  the  reservoirs  are  approximately  as  the  squares  of  the  height  of  the 
jets.  Experiment  has  assigned  the  number  0-01  as  the  coefficient,  and  the  for- 
jnola  which  gives  the  height,  A,  of  a  jet  under  a  head  represented  by  //,  is 

If  air  is  mingled  in  the  water,  the  mixture  being  lighter  than  water,  the  jet 
can  be  made  to  rise  higher  than  its  source. 

226.  Pressure  exerted  by  liquids  in  motion. — When  a  liquid  is 
in  motion,  either  in  a  conduit  tube  or  an  adjutage,  the  pressure  it  exerts 
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on  the  walls  is  not  the  same  as  it  is  in  equilibrium,  and  generallj  it  is 
less,  as  the  velocitj  of  flow  is  greater. 

If  the  effective  Telocity  is  177 
equal  to  theory,  the  interior 
pressure  upon  the  walls  of 
the  adjutage  will  be  equal  to 
the  statical  pressure  in  a 
state  of  equilibrium.  As  the 
effective  velocity  increases, 
the  interior  pressure  upon 
the  walls  of  the  adjutage 
becomes  less  than  the  pres- 
sure in  a  state  of  equilibrium,  and  it  may  even  become  less  than  the 
external  atmospheric  pressure,  but  it  can  never  become  null. 

This  principle  may  be  demonstrated  by  the  apparatus  shown  in  fig. 
177,  where  a  bent  tube,  m  n,  is  inserted  into  a  cylindrical  adjutage,  and 
when  the  lower  end  is  placed  in  a  vessel  of  water,  as  shown  in  the 
figure,  the  fluid  will  mount  up  in  the  tube  to  a  certain  point  n. 

If  the  tube  m  n  is  not  too  long,  the  water  will  mount  up  and  enter 
the  adjutage,  and  flow  out  with  the  jet.  But  the  fact  that  the  water 
will  not  mount  over  in  the  tube  m  n,  unless  it  is  very  short,  proves  that 
the  external  atmospheric  pressure  is  always  opposed  by  a  certain 
amount  of  internal  pressure.  It  may  also  be  shown  that  the  interior 
pressure  never  becomes  null,  but  that  there  is  merely  a  diminution  of 
pressure,  by  placing  the  apparatus  in  a  vacuum,  when  the  water  will 
flow  out  in  the  direction  m  n. 

227.  Velocity  of  rivers  and  streams. — The  velocity  of  streams 
varies  very  much.  The  slower  class  of  rivers  have  a  velocity  of  less 
than  three  feet  per  second,  and  the  more  rapid  as  much  as  six  feet  per 
second,  which  gives  respectively  about  two  and  four  miles  per  hour. 

The  velocities  vary  in  difTcrcnt  parta  178 
of  the  same  transverse  section  of  a 
stream,  for  the  air  upon  the  surface  of  . 
the  water,  as  well  also  as  the  solid  bottom 
of  the  stream,  has  a  certain  effect  in  re- 
tarding the  current    The  relocitj  is 
found  to  bo  greatest  in  the  middle,  where  the  water  is  deepest,  Gg.  178,  some- 
where in  m,  below  the  surface ;  then  it  decreases  with  the  depth,  towards  the 
sides,  being  least  at  a  and  b. 

Stream  measurers. — To  measure  the  velocity  of  streams,  various 
means  are  employed.  The  most  simple  is  a  gloss  bottle  filled  with 
water,  sunk  just  below  the  level  of  the  current,  and  provided  at  the 
cork  with  a  small  flag,  that  stands  above  the  surface. 
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A  w1ba*l  nfty  hIjio  b«  lued,  fUnusbed  with  float-koards,  pUecd  in  the  ptronon 
•bd  immoree«lf  »o  thAi  tbe  irfaola  surface  of  Ube  board  a  U  corvrcd  with  waief, 
TImi  frifitom  in  tbit  case  li  yktj  Bmatlf  so  that  thts  wheel  roTolTct  with  rerj 
Bcmdj'  tJi«  veloeil;  of  the  e-tream,  Bj  obserring  tho  number  of  rerotuticiiK  of 
tb«  «b*fll  La  a  given  Um^  the  rapidity  of  the  cumnt  h  m^astind. 

To  an^vrtain  the  relocUj  at  diSerent  deptbi,  the  ■i.niploflt  iastmmeat  is  Pktol'a 
tebo.  It  c'l^iiijtti  of  a  tahe  bent  nearly  at  rijght  angki,  tenninatod  by  a  fuDDwl' 
•biped  moalh  :  ibo  app«f  part  of  tho  tube,  abore  wmter^  ift  of  gloat.  To  ob^crre 
irlti  thii  iuBtruQient,  it  is  sunk  with  its  riinnel  op  «triMua  at  the  deptb  where  Ua 
rdoeitj  u  required.  If  the  water  waa  AtilJ,  the  height  of  ibe  eolninn  within  and 
wibhoQt  th»  tulic  would  he  eciaol ;  but  Ofl  it  i«  in  motion,  thti  wator  will  rise  tn  the 
iat>«  to  cotinterhalaoccs  ibc  ftirce  with  wbich  Uie  water  ia  impelled  (the  impnlie 
of  the  alf^amj^  the  eoliuno  ot  water  in  tha  tube  liiing  bighor  as  the  relocity  of 


228.  Waler-wheeU. — Tlio  motive  power  of  water  is  of  exteosire 
pnicticad  importaiice,  frotn  the  number  of  maclilnes  drWc^Q  by  'vrat^r- 
wbeek. 

229.  Tli«  oveimtiot  wheel. — Fig.  170  is  uaod  wbea  thB  supply  of 
wftter  la  modemte  and  variable.   The  water  is  delivered  at  the  top  of 
the  wbeel,  which  may  move  with  Ihe  1T0 
bauds  g^f  A  watcli,  aa  iu  the  figure,  iit  tlto 
FBTeree.    It  is  furnished  vilh  buckets  of 

&hape  oa  to  retain  as  mtiah  of  tho 
possible,  antil  they  Tcach  the 
pMkcticablo  point  on  tlictrKeel,  and 
none  after  that  point.  In  this  wheel  tJie 
effect  is  produced  bvtb  by  imp  net,  and  by 
Ihfl  wMglit  of  the  water.  Tbt}  wot^r  m 
Moelred  as  near  the  summit  as  possible,  and  the  buckets  are  so  sliaped 
ii  to  retain  tlie  Wftt^r  tu  the  lowest  pracUcahk  polpt  in  its  desqeut* 
Qorrevpondiog      abont  five  on  the  I  BO 

&eo  of  the  watch. 

2aO.  The  Qodetabot  wheel.— 
Fig.  180  receiifisi*  its  iinpuUe  at  the 
bottom  ;  it  t«  furniahed  with  float- 
da  instend  of  buckets.  If  they 
pl»ced  at  right  angles  U>  the  rim 
of  lb*  whoicl,  tl»«y  iitaj  turn  i?itlier 
way.  When  tba  whc«J  is  required 
to  turn  only  in  one  diret^tion,  the 
ioat* boards  are  pEaeed  as  tn  tho 
figun^,  eo  OS  to  repre»<wnl  aii  acute  anglfl  towards  the  cuixcnt :  tb«  water 
i«ia  tlieu  p&rtly  by  its  weight. 
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The  breast-wheel. — Fig.  181  is  moved  both  by  the  weight  and 
momentum  of  the  water.  It  is  furnished  with  buckets,  formed  to 
retain  the  water  as  long  as  possible.  The  brea8t>wheel  is  the  form 
most  generally  adopted,  as  it  allows  of  a  larger  diameter  for  a  given 
fall  than  the  overshot-wheel,  with  more  economy  of  power  than  the 
undershot-wheel.  According  as  the  water  is  received  above  half-past 
nine,  or  below  half-past  three  on  the  181 
watch,  the  wheel  is  called  a  high  or  low 
breast-wheel. 

A  more  distinct  idea  of  these  different 
water-wheels  may,  perhaps,  be  gained 
by  illustration  from  the  face  of  a  watch. 
In  the  breast-wheel,  the  water  may  be 
received  (according  to  the  desired  mo- 
tion of  the  wheel)  between  eight  and 
eleven  o'clock,  or  between  one  and  four 
o'clock. 

231.  Boyden's  American  Turbine. — The  turbine  is  a  horizontal 
water-wheel,  revolving  entirely  submerged,  and  is,  of  all  forms  of 
water-wheel,  the  most  energetic  and  economical  of  power.  This 
machine  was  first  constructed  in  an  efficient  form  by  M.  Foumeyron  in 
1827  as  the  result  of  experiments  commenced  in  1823  ;  but  the  honor 
of  perfecting  the  turbine  and  establishing  the  mathematical  principles 
by  which  it  may  be  adapted  to  every  variety  of  water-power,  whether 
with  high  or  low  fall  of  water,  in  both  small  and  large  streams,  is  due 
to  U.  A.  Boyden,  Esq.,  of  Massachusetts,  under  whose  direction  tur- 
bines have  been  extensively  introduced  in  the  cotton  manufactories  of 
Lowell  and  elsewhere.  Two  of  the  turbines  constructed  under  the 
superintendence  of  Mr.  Boyden  have  been  found  to  give  a  useful  effect 
to  eighty-eight  per  cent,  of  the  power  of  the  water  employed. 

The  water  enters  the  centre  of  the  wheel,  descending  in  its  vertical 
axis,  and  is  delivered  through  a  great  number  of  curved  guides  so 
arranged  that  tiie  water  enters  the  buckets  in  directions  nearly  tangent 
to  the  circumference  of  the  wheel.  The  water  is  received  by  the  curved 
buckets  in  the  direction  of  greatest  efficiency,  and  having  expended  its 
force,  it  escapes  from  the  wheel  in  a  direction  corresponding  very  nearly 
with  the  rndii. 

The  nppcr  part  of  Gg.  182  shows  a  horizontal  section  of  the  tnrhine,  and  a 
perpendicular  section  is  shown  in  the  lower  part  of  the  same  figure.  Fig.  183 
shows  a  section  of  the  turbine  with  the  iron  sluice  and  other  attachments  as 
they  stand  in  the  whocl-piU  The  letters  refer  to  the  same  parts  in  both  figures. 
K  K  i:i  a  stationary  disc  of  cast  iron  supported  by  the  disc  tube  M  M  mada  fast 
to  tho  upper  curb  at  P.   The  curved  guides,  gggg,  made  of  plat«  iron,  are 
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iMsred  to  the  diae  Bnd  to  the  rim  L  L  abore,  in  such  a  manner  as  to  giye 
the  leaat  pouible  olMtinction  to  the  water  as  it  flows  tbroagh  the  guides  into 
tiie  rerolring  wheeL  The  arrrows  show  the  course  of  the  water  through  the 
iroo  slaioe  B,  and  on  the  disc  through  the  guides  into  the  wheel.  The  wheel 
itself  consists  of  a  eentral  plate  of  cast  iron,  and  of  two  erowns  ecec,  of  the 
ame  material,  between  which  are  the  ounred  buckets  bbbh.  The  lower  crowd 
is  irmly  secared  to  the  central  plate.  The  bnekets  are  let  into  cnnred  grooves 
in  the  erowns,  and  have  tenons,  passing  through  mortices  in  the  crowns,  rireted 
ibore  and  below. 
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The  Tcrtical  shaft,  dd,  is  made  of  east  iron,  and  is  accuratelj  turned  in  every 
part.  The  entire  wei};ht  of  the  wheel  Is  supported  hy  a  series  of  collars  attached 
to  the  shaft  and  moving  in  the  suspension  box  r.  The  box  e  is  hung  upon  gim- 
bals at  h  (like  a  mariner's  compass),  supported  by  framework  reyting  in  the 
maionry  of  the  wheel-pit  The  lower  end  of  the  shufl  is  steadied  by  a  pin  pass- 
ing into  the  step  i,  which  is  adjusted  by  a  screw.  Jl/l  is  a  cylindrit-al  gate  which 
drops  down  between  the  guides  aud  the  movable  part  of  the  wheel,  to  regulate 
the  flow  of  water  according  to  the  amount  of  power  required.  Attached  to  the 
fste  are  the  brackets  iS>^,  connected  with  the  rackwork  and  endless  screw  shown 
at  W,  by  which  the  gate  is  raised  or  lowered.  A  self-regulating  adjustment  of 
the  gate  is  secured  by  a  governor  not  shown  in  the  figure.   Ordinary  gearing, 
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ttUdied  to  the  vpper  put  of  the  shaft,  comaanlcates  the  power  of  the  wheel  to 
the  maehineiy  to  be  driTon.  The  curred  iron  sluice  E  rests  upon  beams  H', 
Mcnrcd  in  the  masonry  of  the  whcol-pit  and  by  stanoheons  JfN. 

Turbines  may  be  divided  into  high  and  low  pressure  machines.  High 
pressure  turbines  are  adapted  to  hilly  countries  and  deep  mines  where 
high  falb  of  water  may  be  commanded ;  in  these  cases  the  height  of 
the  oolumn  of  water  will  compensate  for  the  emallness  of  its  volume, 
Rservoirs  being  provided  to  keep  up  a  constant  supply. 

The  low  pressure  turbines  produce  great  effect  with  a  head  of  water 
of  only  nine  inches,  and  are  suitable  for  situations  in  which  a  large 
mfauM  of  water  flows  with  a  small  fall. 

Tbm  resnlts  of  an  investigation  by  Arago,  Prony,  and  others,  who  were 
appointed  by  the  French  Academy  of  Sciences  to  report  upon  turbines, 
•n  w  follows : — 

(1)  .  That  these  wheels  are  applicable  equally  to  great  and  small  falls 
of  water. 

(2)  .  That  they  transmit  a  useful  effect  equal  to  from  70  to  78  per 
eenL  of  the  total  moving  force  of  the  water  employed  (88  per  cent  has 
been  secured  by  Boyden's  wheel). 

(3)  .  That  they  will  work  at  very  different  velocities  above  or  below 
that  corresponding  to  the  maximum  effect,  without  the  useful  effect 
varying  materially  from  that  maximum. 

(4)  .  That  they  will  work  from  one  to  two  yards  deep  under  wnter, 
without  the  proportion  which  the  useful  effect  bears  to  the  total  force 
being  sensibly  diminished. 

(5)  .  In  consequence  of  the  last-mentioned  property,  they  utilize  at  all 
times  the  greatest  possible  proportion  of  power,  as  they  may  be  placed 
below  the  lowest  levels  to  which  the  water  surface  sinks. 

The  mathematical  fonnulse  for  adapting  turbines  to  every  variety  of  water, 
power,  and  much  other  valuable  information,  will  bo  fuund  in  a  treatise  on  the 
HydrMilie  Experiments  at  Lowell,  by  Mr.  J.  B.  Francis,  from  whoso  work  the 
above  eondensed  description  has  been  principally  obtained. 

•MOLECULAR  FORCES  ACTING  BETWEEN  PARTICLES  OF  UNLIKE 

KINDS. 

1.  CAriLLARITV. 

232.  Observation. — Definition. — The  complete  discussion  of  the 
action  of  Molecular  Forces  between  particles  of  unlike  kinds  belongs 
appropriately  to  Chemical  Physics.  We  have  already  noticed  some  of 
the  phenomena  of  adhesion  properly  referable  to  this  section  (147 
and  following).  It  now  remains  to  consider  briefly  those  special  cases 
of  this  general  subject  which  affect  the  laws  of  fluid  equilibrium.  We 
refer  especially  to  the  Phenomena  of  Capillarity  and  Endosmose. 
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The  laws  of  fluid  equilibriam  which  we  have  already  considered 
apply  only  to  Teasels  of  considerable  diameter,  in  which  the  effects  of 
adhesion  between  liquids  and  solids  (148)  may  be  safely  neglected. 

In  very  narrow  vessels,  and  particularly  in  tubes  of  small  bore,  the 
effects  of  this  kind  of  molecular  attraction  become  very  sensible.  Such 
tubes  are  called  capillary  tubes^  from  eapUlus  a  hiur,  in  allusion  to  the 
hair-like  fineness  of  their  bore.  The  effects  of  such  tubes  on  liquids 
are  distinguished  by  the  general  term  capUlnrity, 

233.  General  facts  in  capillarity. — If  tubes  of  small  bore,  open 
at  both  ends,  are  placed  Tertically  in  water,  the  liquid  is  seen  to  mount 
both  in  the  tubes  and  on  the  outside,  fig.  184,  rising  higher  within  aa 
the  tubes  are  smaller.  If  the  bore  is  over  half  an  inch  in  diuneter, 
this  effect  is  not  very  sensible.  The  experiment  becomes  more  satis- 
factory if  made  in  communicating  vessels  (202),  of  which  one  branch 
is  much  narrower  than  the  other,  as  in  fig.  185.  Two  slips  of  glass 
plunged  in  water,  and  brought  near  each  other,  also  exhibit  the  effect 
of  capillarity.  In  narrow  communicating  vessels,  then,  the  laws  of 
equality  of  level  do  not  hold  good. 

If  the  experiment  is  tried  with  mercury  (which  does  not  wet  the 
glass)  there  is  a  depression  of  the  surface  of  the  liquid  both  within 
and  without  the  tube,  fig.  186,  and  this  becomes  greater  as  the  tubes 
are  smaller,  as  seen  in  the  two  branches  of  the  communicating  vessels, 
fig.  187.    In  a  greased  tube  water  is  similarly  depressed. 
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These  phenomena  are  independent  of  atmospheric  pressure — taking 
place  equally  in  a  vacuum  or  in  compressed  air.  They  are  also  inde- 
pendent of  the  thickness  of  the  walls  of  the  tube  (148),  but  they  vary 
with  the  material  of  the  tube,  and  with  the  nature  of  the  liquid. 

Thus,  in  tubes  of  the  same  internal  diameter,  placed  in  liquids 
capable  of  wetting  the  surface  of  the  glass,  the  elevation  is  different  for 
each  liquid.  In  tubes  of  0-0472  inch  diameter  of  bore,  water  rises  0*905 
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It  4  inches  in  iuhea  of  ^ij  i^>ch  Ijore),  essence  of  tarpen- 
i^RSfSS,  pare  alcohol  0  278,  whale  oil  about  tlie  same,  wliije  ether 
still  iiMS,  la  some  liqtiMe  the  tilevftlbn  is  scarcely  eetiBible,  TYhilc, 
M  W€  liAve  seen  in  mercury  and  uther  liquidii  not  wettiog  tiie  surface 
dT  the  tribe*  Uiere  h  n.  deprcsaton. 

Torak  of  the  sor  face,— These  ehangca  of  ley  el  are  accompanied  by 
ft  ehftogo  of  fum  in  the  sorfaee  of  the  liquid  m  the  capillary  column. 
It  it  cancave  it  iliere  ia  eleTation — plane  if  there  is  no  change  of  lev«l, 
i&ii  convtx  if  there  ia  depression.  The  first  case  is  called  the  conm^e 
ncnittUM,  and  the  luist  the  convex  jnenucus. 

The  ciiiuse  of  these  phecoiaena  is  to  be  aoaghi  in  the  mutufi.1  tictioa 
of  molecular  forces  (146)  and  of  gravity. 

A  BMidle  eoTCRict  with  gre««e,  gentiy  placed  npon  the  irntor,  floats,  boeaara, 
aot  being,  moiiteBed  the  liquid,  tbore  i»  prudueed  &  doprBieton  ia  irhkh  It  ia 
*n|>p4>ri<M;b  Thua,  mtiny  tnsecU  voJk  Kod  akim  fit*  tbe  iurfftf-e  of  wiit«r  without 
plasgioi^  Id,  Oil  Aiitl  oth^r  liuraiDg-fiu'idB  in  lampi,  and  the  molted  tallov  and 
vat  of  caodleat  are  empplied  in  ifaeir  flume:!  bj  mi^aas  of  tha  capillarit;  uf  tbeir 
%ykf  i  «o  th«n  ia  oji  absdrpLioQ  of  liifuida  m  wood,  in  ipoagc,  in  clotji,  and  in 
•U  bodiei  Lhac  poiicits  ii»iLdibL«  poroi* 

CaoiiO  of  the  ciir^e  of  Uqaid  Borfacea  by  the  ootitact 
ol  solldi,— Tbe  form  of  the  aurface  of  a  liquid  in  contivct  with  a 
iolkl«  tJe^MBnds  upon  the  relation  which  exists  between  the  attraction  of 
the  coUd  for  the  liqtiid,  urtd  the  liquid  particles  for  each  other. 

Let  A  Bi  Ag*  ISS,  r«pr«»ent  a  fluid  lurfuec,  und  l>  E  the  aurface  of  a  eotid 
bsmertcd  rvrlt^^allf  in  the  lluiib  Any  !ic|uid  iiartirh,  AS  Aj  ia  aubmimd  Ut  tho 
actiou  of  tlirce  f'/rws,  irii.:  l^L  Orarity^  wbicli,  ma  it  igg 
Mt«  «f|Ba[1y  tipoD  all  ibe  particlei  of  tbe  flnidi  maj  b« 
aaltled  from  Ibe  prctent  diiwuaaioii.  Tb«  cobe^if  a 
•tiricfloii  (!)f  tbe  flqid  acting  tbrnii^b  Iho  f{uailraDt 
B  A  and  haFiof  its  reaulraui  in  A  P.  3d.  Tbe  atlhe- 
tirt  altraHion  of  tbe  «oliil  for  the  particlo  A.  This 
Ikllvr  f«if(Ms  mAf  be  eosiidcr^d  m»  dirided  into  two 
fmrUti  the  attracUon  of  thai  p»rt  of  tti*  talid  above 
tlia  nirCac«  <»r  tb«  fluiib  wlioao  rc«uhatiit  wLU  b«  AQ; 
anil  Um  aitrarliufi'  lif  Ibiit  pnrt  oT  the  sobd  below  tbe 
toifa^c  of  lb«  ttvikl,  wbkb  wilt  bave  a  resultant  in  A  Q'.  Let  B  P  E  be  drawti  at 
Um*  limit  "f  ■  fi  ^ , ..«.,  iivfl  attnuttioa  of  the  fluid  for  the  partidc  A,  ujd  let 
A!*,  or  V.  •.'.'ustij  of  the  resultant  of  all  the  cobeedT*  altraflion 

«f  Iba  LL-la  A;  also  let  mno  bare  tbe  nme  reIatii»Q  to  tbo 

aUraction  of  the  totlid.  and  Q  and  Q'  will  repreMnt  the  iuteoiity  of  this 
above  and  bebrw  tbi*  inrfaeo  of  tbe  li<tMid. 
C«a|i|«tJog  tbe  pftfnlkloffram  A  Q  C  Q%  A  C  =  2  Q  eos.  45°  will  r*pr*fl*rit  tbe 
NMllaat  of  all  the  atrraplicin  of  tb«  aolid  for  Ibe  particle  A«    On  A  C  and  A  f*, 
^•tm<tt  tliv  [laralklogram  A  P  R  C,  atid  A  R  will  b«  tbe  reiudtaot  of  A  P 
•ad  AC 
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The  direction  of  the  resnlUnt  A  R  wiU  be  detennined  by  the  Talne  of 
2  Q  COS.  46®  —  P  COS.  46®,  or  2  Q  —  P.    There  will  evidently  be  three  CMea : 

2g  —  P>0,    2g  —  P  =  0,    and2g  —  P<0. 

In  the  first  case  the  resultant  will  lie  in  the  angle  C  A  E,  and  the  fluid  will 
wet  the  solid.  In  the  second  case  the  resultant  will  lie  in  A  E,  in  the  plane 
which  separates  the  solid  and  the  fluid.  In  the  third  case  the  resultant  will  lie 
in  the  angle  B  A  E,  and  the  fluid  will  not  wet  the  solid.  In  this  case  there  is 
no  necessity  to  suppose  any  repulsion  between  the  solid  and  the  fluid,  but  only 
that  the  cohesive  attraction  of  the  fluid  is  more  than  twice  as  great  as  the  attrao- 
tion  of  the  solid  for  the  fluid. 

As  the  surface  of  a  liquid  is  always  perpendicular  to  the  direction  of  the  forces 
which  solicit  its  molecules  (199)  in  the  first  case,  the  surface  of  the  fluid  at  A 
will  be  tangent  to  the  plane  M  N,  fig.  189,  which  is  perpendicular  to  the  general 
resultant  A  R.  At  A',  where  the  attraction  is  more  feeble,  the  resulUnt  A'  R' 
will  be  more  nearly  perpendicular,  and  at  a  point  A",  where  the  sensible  attrac- 
tion is  lero,  the  resultant  A"  R"  will  be  vertical,  and  the  curve  A  A'  A"  will 
become  tangent  to  a  horizontal  plane. 
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In  the  case  of  a  small  tube,  T,  the  concave  surface  of  the  fluid  will  be  sensi- 
bly spherical.  When  2  Q  —  P  =  0,  the  resultant  A  R  lies  in  the  line  A  E,  and 
the  surface  of  the  liquid  in  contact  with  the  solid  is  horizontal,  because  the 
attractive  force  of  the  solid  and  fluid  combined  is  the  same  as  if  the  surface  of 
the  fluid  was  indefinitely  extended. 

When  2  Q  —  P  is  less  than  zero,  or  negative,  the  resultant  A  R  will  be  found 
in  the  angle  B  A  E,  and  the  surface  will  be  tangent  to  the  plane  M  N  at  the 
point  A  ;  it  will  therefore  be  convex,  as  shown  at  A  A",  fig.  190.  In  a  capillary 
tube,  U,  the  surface  will  be  convex  and  sensibly  spherical. 

235.  Experimental  illustrations. — Capillary  phenomena  ore  easily 
explained,  when  we  know  that  under  the  double  influence  of  the  attrac- 
tion of  a  solid  and  a  liquid,  the  surface  of  the  liquid  may  be  either 
concave,  plane,  or  convex,  as  the  relative  intensities  of  these  forces 
vary ;  we  can  also  see  that  the  ascent  or  depression  of  the  liquid  in 
capillary  tubes  is  a  direct  consequence  of  the  terminal  form  of  the 
liquid.    This  explanation  is  easily  verified  by  experiment. 

a.  Take  a  bent  tube,  similar  to  fig.  185,  but  let  the  capillary  branch  be 
shorter  than  the  other,  and  pour  water,  drop  by  drop,  into  the  larger  branch, 
the  liquid,  as  it  rises  to  the  top  of  the  tube,  in  the  short  capillary  branoh  will 
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ffiMil  Mieeosi'Tdj  •  eonenv^^.  tbos  &  plsnc,  mud  ±t  lust  &  caiiTex  vuftAce.  A  a 
tba  w«t«T  ftanda  in  «  cotitpx  form  »bt>iru  iLo  cud  ot  tliu  tube.  tli«  com^iivB  atir- 
Em  lo  thv  l^rg'^T  brasdi  wHl  riiio  ubuve  it,  t-huvting  iimt  tho  risD  of  tlio  liriuid 
lk»r«lU«  ItTtl  lino  to  hydrOiHtatio  pressure  depends  upuu  the  forto  of  the  eurfneo, 
fr«  hft  m  ciipillnry  tube,  wlrli  a  «i>boro  btown  in  it,     sbown  in  flg,  19U 

IvnulttenMl  iiitu  tb«  botiuiu  af  a  euiii]l  gla«s  ressel  or  tube,  itito  wbit3b  mafcurj 
]•  tluif  ly  tiroppvd.  As  the  oiorvurj  riiea  into  tbe  ffpbcrc, 
ll  niW  tAk«v  n-t  A,  Ibe  fiiriti  of  a  very  eotivex  button.  A« 
it  ri^Ei  14(1  B  B  aqdl  C  C,  thu  eoufrexity  of  the  $nrfaco  ^ill 
fr«.iiu*l)7  (jiminub,  ^kb^ugh  it  will  uiako  a  coDfltntii 
juigle  (aUuut  4^^)  with  tbe  walla  of  tbe  glaaa  opherv,  aa 
ibijvn  by  lh«  dotted  lioe*.    Wbcu  H  arrivcA  at  P 
«lier«  tliB  fluHaj?e  of  Ibo  sp!i«riQ  1«  iuditied  45°,  tbti 
Jdfface  of  tiie  tucrvofy  will  bo  faQruodtoI,  md  a  till 
«r  11  will  be  voaeATtL    The#e  iiicccuire  stagci  of  ^ 
alurv  are  fotro  ia  filling  a  mcnturial  tbcrniornDtur, 
Tbia  cxiivrifQcnt,  d(>p«iidiDg  ujion  lb«  cjnstudt  angl^ 
aiade  by  tbe  rurfiLcci  c»f  tHo  mercury  wUb  the  wiiUe!  f>r  tbe 
talic^  enabled  o»  W  show  Ibat  tbe  lord  of  tbQ  mfsrcurj  in 
(hi  «*|imKr;  tilbe  is  btgb^r  or  tr>Trcr  Iban  iu  tbe  tvBaul 
vUb  whioh  it  commtuiieateR,  wcordiug  as  tbe  iurfiuie  U 

The  level  ai  tehich  a  luiuid  may  he  tnatntuitml  in  a  capilhirt/  tuhs 
dejmMU  Qn  ike  diameter  of  the  canal  at  the  tipper  level  of  the  liquid, 

r*  An  iffipre!t«iTii  verificration  of  tbi«  f»ct  in  oblniticd  by  EdldLTin^  n  trApiUary 
tab*  %tt  tb«  lup  of  s\nin  nmv  or  li»w  air-b^ll,  Ukfi  a  cuiiping-gltta.*!  or  bcnki  r,  If 
lb«  diameter  of  the  Mipilliiry  tuVio  U  ii»t  tnnire  tlmn  tbe  flinj-butnlrt'dib  at  an 
Incbt  a  e^nnta  of  wafer  of  tbe  diamotflr  of  tbe  vasu  wUl  be  sUdtatncil  by  tbe 
««pillary  f«rve  at  tbe  bcigbt  of  nearly  fuur  iiii>bi>»~{bo  height  of  tbe  cK^ltitaa 
nr|ii}Utt«  to  r^iiure  etiuilibriutn  licing  it]dct}«pd«nt  nf  ibu  diameter     tb«  rMe. 

Tbe  aaeia  apparntm.  beiag  reversed  and  plunged  ifl  %  batli  of  mercury  will 
fH»c«  a  4!(«rre«poi]ding  deprcfsion  nf  the  level  of  the  tnercury  in  tbti  cnpillatj 
lube,  ibo  ^aM  Rmainia^  void  of  mercury. 

li  U  •vitlent  frcim  these  experimenlB  tliat  copjUanty  is  a  terj 
«crgvtb  force,  and  when  we  remember  that  tlie  cnpillnry  cannla  in 
vt^getabtoB  are  ujsuallj'  smallor  than  tiic  one-hundredth  of  an  incli,  nod 
thoM  In  tbe  animal  bc^dy  are  verj  much  atnallor,  it  is  cosj  lo  under- 
ttAttd  the  aaeeiieii>i]al  force  of  sap  in  planta,  and  the  functions  of  the 
captllartes  in  animals. 

^  By  tblff  pcwer  it  i«  that  Ibij  ttn\  io  dry  teMati»  receiToi  moiiture  frflntt  below 
lo  wni.\.\\  r>e  waste  of  evaporatSno, — and  dooverfcty  that  the  ben«fit«  of  rain 
di  '  lower  strata,    Hence  In  dry  climntet  the  surface  eail  ts  covered 

« li  ,      <       ilftrcsencef  left  by  the  evapomiiou  of  wuler  bulding  tulti  in  tnlnlion. 

HrK'kf  are  fj>lit  by  the  RwqlUog  of  wimdcn  ploga  driTcn  forcibly  in  tbo 
<itf  aiat«  btt**  bi>Ii!3  drilled  fur  tbe  purpoep,  and  aflerwardi  wet  with  wulcr. 

236.  Iiifluence  of  tile  etiiT«  on  caplLlBiy  phenomena,— The 
Moeot  or  depression  of  liquids  in  capillary  spaces,  is  owing  to  thn 
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form  of  the  surfaces.  Let  q  ^  e  d,  fig.  192,  tepr$Bt?nt  n  oontakte 
nieniscuB,  tlie  iwirtidea  of  wbieh  are  euataioed  in  efjuilibrlam  bj  ihm 
forces  before  mentioned;  those  prirtideii  do  not  e^iercbc  any  pressurt 
ot»  those  below  theiu,  and  therefore  at  cb  there  is  a  line  abuTe  whicif 
tlio  particles  of  fluid  are  austained  by  upward  attraction,  and  bebw 
Trbich  it  h  suBtained  by  equal  cxtoniod  pressure  of  the  column  o p, 
192  \n 


The  eeasible  Bttroction  of  the  walli  of  the  ti]b«  doe^  Bot  cxt 
far  flEt  the  perpeudicuiar  height,  dc^  uf  the  curTe.  It  is  only  t 
portion  of  the  wall  of  the  tube  juat  above  the  eitreniity,  rf,  of  the  cur^e 
that  support^  the  6uid.  The  action  of  every  part  Lelow  d,  while  ii 
tends  to  elevate  the  fluid  below,  also  l^nds  to  depress  the  portion  of 
fluid  above  it,  and  these  two  influencea  neutralise  each  other,  Tht 
part  idea  of  fluid  about  and  within  the  limit  of  sensible  attractiou, 
ore  drawo  upward  by  the  attructiuD  of  the  tube,  and  thene  purtich^a, 
by  their  cohesive  attraction,  support  those  below,  until  the  weiglit  uf 
the  cxupillary  coluuin  becf^me^  equal  to  the  adhesive  attraction  uf  the 
Bolid  for  the  particles  withlii  the  Jimlt  of  attmction  about  the  point  d. 

In  determining  tha  height  of  liquids  in  capillary  tubes,  the  height  oj 
the  column  supported  by  capillary  attrootion  must  bo  added  to  th 
elevatioo  produced  by  external  prestiure. 

When,  as  in  fig,  193,  the  moniaeus  is  convex,  the  equtlibriitm  etill 
exists,  for  the  liquid  molecules  being  attracted  obliquely  inwurds  and 
downwarda,  the  downward  pressure  is  greater  than  od  the  exterior  of 
the  tul>e,  and  therefore  the  surface  of  the  liquid  within  Uie  tube 
descetida  until  the  pressure  od  the  base,  mn/u  Uie  same  ai  on  auj 
exterior  point,     of  the  same  Inyer. 

237.  Iiaw  of  the  elevation  and  depression  of  liquids  In  capil 
lary  tubes. — It  has  been  demonstrated  by  Laplace,  that  the  attraction,^ 
of  the  meniscus  is  equal  to  a  canstant  coefficient,  depending  on  Ih 
nature  of  the  liquid  and  that  of  the  tube.  In  a  cylindrical  tube  wiilt 
a  circular  ba^e*  experience  ha*  detnotiatratcd,  that  the  concave  surfac« 
is  sensibly  a  hemisphere,  with  a  radius  equal  to  half  tine  diameter  of 
tlje  tube*  The  attraction  of  the  njentfl<;us  is,  therefore,  in  inverse  nitio 


1 
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YiLh  thf  radiufi,  or  the  diain^tor  of  the  tube,  and  in  consequeQce,  thd 
liquid  columa  will  bei  raided  hj  ihla  force  to  a  lieight  itrhicli  varies 
iccurding  to  tts  mimnitj.  The  length  of  the  liquid  culumu  conLatned 
ia  the  tulie  ia  ti  little  loss  than  catculatiott  would  indicate,  according 
itttht  ftbuvc  rul4?,  be<!aiiBe  of  llie  weight  of  the  meaiscuB^  but  this  error 
in  t«<r^  BfDiill*  lc6»  m  the  capillarity  of  the  tube  in  leafl^  the  iuHuetice 
of  the  weight  of  the  meniaeua  decj-easing  riipidl3*  as  the  diameter  of  the 
Late  diminiiihes.  The  height  of  the  liquid  in  the  tube  is,  thereforef 
Mfer  fthaolutelj  in  inverse  ratio  to  the  diameter,  but  the  law  is  tiearlj 
tSMCt  when  we  add  U)  the  height  one-sixth  of  the  diameter  of  the  tubs, 
wbtcb  it  the  correction  required  for  the  weight  <*f  the  meniscua, 

Ctirrections  for  thi»  error  being  ibus  made,  the  law  would  be  correct, 
bod  the  roeniscus  an  axjcuratelj  tpherical  surface,  but  this  ohtaitia 
imlj  when  the  diameter  is  verj  smali  (2  or  3  m.,  -07874,  or 
11811  inchee]  the  stirface  in  general  ceases  to  bo  truly  spherical,  and 
ascent  or  depression  depends  on  the  curve  of  the  surface,  which 
much  more  rapidly  than  the  diameter  of  tbe  tul>e^ 
23B,  Depression  of  mercury  in  capillary  tubes. — The  rapidity 
with  which  capilbrity  dioiimnhe^,  in  tube^  of  great  diameter,  i«  seen  m 
the  following  table : — 
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B  11811 
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Dtprm&kauf  la 
Id  LaplBon. 

According  to 

M-  m.  n. 

*-03I 

O-llI 

0-118 

10' 

O-ltj 

0-4M 

§'  " 

(1712 

0-073 

«'  - 

1  171 

V\U 

i*a7T 

fi. 

i 

1*510 

1-735 

4* 

2im 

3-m 

2*167 

J-  '* 

S'Oia 

2-080 

2-988 

I-S 

3  ** 

445f 

4887 

4 -SSI 
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Th«  mintbers  contained  in  the  first  oolumn  have  been  caIculote<l  by 
M.  BoQv&rd,  act'ording  to  the  formula  f>f  Lnjilare;  those  of  the  last 
Iwo  colMin)i»*  fiJiic  been  ohtalncil  dsrt^ctly  by  experiment. 

239.  Aacent  of  Liquids  in  capillary  tubes. — For  all  Ijquidi,  the 
ascent  or  dc^prce^loti  in  capillary  tube!i,  decreases  according  to  analo* 
gt^ui  IftWJt,  If  the  iul)ea  are  very  femall,  the  height*  aiigtneoted  with 
one^ixth  of  their  diameter,  are  inversely  as  tbe  diameters.  If  the 
iu\m  *r«  rery  large,  we  may  ftacertain  \  ery  iic«urfttely  the  heights  to 
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100- 
102'7 
95-7 

U- 

75- 

70-1 

40'8 

37*5 


which  liquids  would  riee  bj  rery  complicated  ^kutatkinSf  or  we  moj 
i>btuiit  afkproxitimtelj,  their  c&pillarj  effects,  in  ftiippoeiiig  them  pi 
portiooal  to  Ibe  depreasioa  mercury  undergoeA  in  tubes  of  the 
diameter.    Fur  the  same  tube,  and  for  the  same  liquids  tlie  capiUnrit 
depends  much  on  the  leiaperature,  decr^iisiog  more  mpldlj  than  i\v^ 
denBitj, 

According  to  Gay  Ln»$ac,  the  elevatioa  of  water  in  a,  ettpillnrj 
tit  be  of  L  HI.  m.,  in.)  is  30  m.  m,,  (11811  In.)  azi4  different 

liquidif  e)«vale  themselves^  in  the  same  tubes,  to  heighia,  which  ftr«  tu 
the  fallowing  relatioa  : — ^ 

Water,   . 

Saturated  solutieii  of  chloride  of  ainmoDiuui. 

"  sulphate  of  potneh,  . 

**  '*  "  popper. 

Nitric  acid, 

Fljdmchlorio  acid^  ..... 
Alcohol, 

Oil  of  lavender,  .... 
240.  Iiawa  of  the  equilibriiun  of  Liquids  between  parallel  or 
Inolined  lamioee. — Pljenomena  analogoiia  to  those  preacoted  in  capil- 
lary tabes,  may  be  observed  when  two  Ucnlt]B&,  plunged  in  a  lifiuid, 
are  brought  near  to  eajch  other.  If  the  loralnie  are  made  wet,  iho 
lir|uld  elevated  between  them,  is  terminated  bj  a  cjUndrical  surfiuw; 
if  not  moistened,  the  liquid  iA  deprctised,  and  h  ternuuuted  hj  a  co&vex 
surface  ;  and  it  is  observed  thiit; — 

1st.  A  liquid  i*  rtfjfuMtf  d^ralcd  or  dfpreaned  bdwfm  iwo  laminmt 
mrtrr^f/y  a^t  (he  inUrttjl  which  separttie*  ifttm, 

2d,  That  Hit  htLight  a/  the  iSli 
asc€,n*ion  or  dfprc^jfuan  fur  a 
ffiven  intcrtat,  w  half  that 
vhich  icould  (tike  place  in  a 
tube  hatin*/  a  diameter  equal 
to  thai  of  the  itdcrtal. 

When  plunge  two  in* 
cllned  laniiiine  [with  their 
line  of  ctjatact  in  n  rerlical 
poBitiun)  in  a  llqu'td  which 
wets  them,  a  concave  surface 
may  be  obi«rv«d  between  them,  fig.  194,  the  liquid  rising  toward  Uie 
upper  point  of  tlielr  line  of  contact.  The  surface  of  the  liquid  IaIecs 
the  forMi  of  the  curve  known  in  gLHjmetry,  uudi^r  tlio  name  of  the 
ttpiilateral  k^rhoh :  this  curve  U  produced  by  ca|)llUrit/. 
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241.  Movement  of  drops  of  liquid  In  conical  tabes  or  between 
UcUnaB. — Wben  a  drop  of  Ikiuid  h  cotitained  in  a  conical  tube,  or 
betwopti  two  laminffi  having  thoir  lines  of  contact  horixoutni,  iUo  Hquid, 
if  it  wets  tb«  tube  or  liimiiite,  la  terminated  hj  195 
tut)  ooocr&re  aDrfaceSt  and  die  liquid  is  drawn 
totrwtla  the  smaller  end  of  the  tube,  or  townrda 
the  angle  of  the  lamiase,  t\  In  the  direction 
from  m  to  m^,  195,  bcctiu^  tho  liquid  being 
termtuated  by  ci.»iicave  Burfai>e«,  the  pressure  from  witliuut  inward  a 
lircreaees  as  the  mdlus  of  the  concave  surfuce  dimiaieheB,  eo  that  the 
TOttQltant  pressure  ia  directed  from  m  towards  19B 

If  the  UqM  h  mercury,  or  any  fluid  that 
does  not  tret  the  aurrounding  body,  the  two 
•orfticee  will  Im  fonvcx.  and  ihe  prej^^nure  from 
wHbeat  mwarda  witl  lie  greiifer  in  pn^poriioo  as 
the  radiua  of  curvature  becomes  leee,  hence  the  resultant  pressure  will 
be  fmm  m  t^mnrds  m*^  fig.  lDi3,  rtnd  the  drop  will  be  driven  towards  tho 
larger  end  of  the  tube,  or  iowardn  the  more  open  parts  of  the  Itttninte. 

242L  Attraction  and  repnlaion  of  light  floating;  bodies. — The 
attraction  and  reptiljlon  which  we  observe  tsetween  light  bodies  floating 
oa  the  surface  of  liijuide,  is  due  to  capillarity.  Tsro  llonting  Inidies  are 
drawn  ©etiir  to  each  other  either  when  both  are,  or  both  are  not  muiBtened, 
and  repelled  if  the  li<(uid  ^ets  only  one  of  them. 

L«t  d  anil  b,  1^7,  1>c  two  floRting  bddiiM 
whofe  fittrfwe«fl  art)  wcl  hy  Ihe  Itiiaid.  Bi^twct^D 
the  InnliEc  s  smmkl  mtkHB  uf  fluid  id  clcTbted  i>y 
^•|•^llMlry  ■ilrMttttO,  rif  whi(?h  Ihn  point  m  ia 
kiflivr  xhma  the  lirTo)  ufa  6,  tlie  bigh«at  poioU 

Tbti  ifcight  of  th«  Cfjtmnn  m  teed?  to  dr*w 
tbc  titti  bfMiict  iu|(rctbcr,  nctin^  like  a  loiJicd 
Mnl  tiitpi»nil«d  between  tbo  two  hodioa^  Tbe 
mqlnal  cobv«iuu  »f  the  motecult^  of  tb«  Hiiniil 
«u.rf»f«t  cau«e)i  it  to  Botre  Am  n  cgrd,  and 
adbtMiiQti  «f  the  lii|tild  to  the  floating  Iwdlcp 
bighcsC  fioiiit4.  HcrTofl  m»  the  attuhiiieiiUi 
vxtremiiift,  Wbim  Uio  lwi>  hoflka  are 
mhj  lUiuiil,  the  I  liquid  tB  4cpre»i>ecl 
b«tiN»«a  ^4  bodJtiF,  aad  tbo  «xt«nial  prcMure 
■I^OB  tli«  two  bodit^  tlrivci*  tttcim  ttigtither,  u 
•liofm  in  tba  Ritddlv  nootiuu  uf  the  lifj^urc. 

Wb«n  oats  body  U  wet  by  lb»  liqtii4,  Ktiil  th*  other  In  not,  lUo  rcpull  of  *«pil- 
Isry  attract |[c>n  i»  U  f^mit^o  the  lw*.i  l*«nBos  inutaiilly  to  n\M  piwh  other. 

If  th*  b«>4^  wliiel*  U  wH  li  rumo^od  tv«vi>nd  tbe  influence  of  llio  other  hody, 
tiia  funciif  •  I0i-II1K4'U»  will  rf*e  nn  bnth  hmIuh  uf  the  held/  lo  th«  dutt«d  Vmv  n,  iu 
tb*  (ifwpf  ivmtx  of  tb«  fl^fe.  lii  tbw  mtoiv  iUkJmtvr,  if  tbe  bwiy  not  vet  wore 
iduiMr,  thm  uittntacuft  of  d«[}((^»»ioii  wuuM  «:Kt«^fid  **u  buUi  s  iviw*  Iw  th*  d^tttnl  lino, 
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If  now  W6  suppose  the  two  bodies  brought  so  near  each  other  that  the  ooneare 
meniscus  of  fluid  attached  to  one  body  will  come  in  contact  with  the  conrex 
depression  of  the  other,  the  surface  of  the  liquid  will  take  a  form,  n  k,  interme- 
diate  between  the  two  curves  which  would  have  been  formed  when  the  bodies 
were  entirely  separated ;  that  is,  the  more  elevated  point  n  will  be  below  o,  and 
the  point  of  greatest  depression  at  it  will  be  above  the  point  r.  The  body  wet 
will  therefore  be  drawn  outward  by  the  weight  of  that  part  of  the  external 
meniscus  which  is  more  elevated  than  the  internal,  as  represented  by  the  distance 
o  n ;  and  the  body  not  wet  will  be  driven  away  from  the  first  by  the  excess  of 
hydrostatic  presssure  due  to  the  difference  of  level,  k  r,  on  the  two  sides  of  the 
second  body. 

Escape  of  Liqaids  from  Capillary  Tubes. 

243.  Flow  of  liqaids  from  capillary  tubes.— Fluids  escaping 
from  capillary  tubes  are  subject  to  the  foUowiog  laws : — 

1.  For  the  same  tube  the  flow  is  proportioned  to  the  pressure, 

2.  With  tubes  having  an  equal  pressure  and  lengthy  the  flow  is  pro- 
poHional  to  the  ^  power  of  iJteir  diameters. 

3.  For  the  same  pressure  and  the  same  diameter^  the  flow  is  in  inverse 
ratio  to  their  length. 

4.  Tlu  flow  increases  -nith  the  temperature. 

The  inequalities  in  the  flow  of  different  liquids  under  the  same  cir- 
cumstances does  not  seem  to  depend  on  their  viscosity  or  their  density ; 
for  alcohol  flows  slower,  and  oil  of  turpentine,  or  sugar  solution,  faster 
than  water.  So  also  nitrate  of  potash  solution  flows  faster,  and  serum 
flows  less  swiftly,  than  pure  water ;  alcohol  added  to  serum  retards  its 
movement,  while  if  nitrate  of  potash  solution  be  added  to  the  mixture, 
the  serum  recovers  its  usual  velocity. 

These  experiments  made  with  glass  tubes,  were  repeated  on  the  bodies  of  ani- 
miils  recently  killed,  by  injecting  the  various  fluids  into  the  principal  arteries. 
The  results  were  found  to  accord,  t^inding  to  prove  that  the  circulation  of  blood 
and  other  fluids  in  the  arteries  and  veins  of  living  bodies,  is  subject  to  the  same 
laws  as  the  flow  of  liquids  in  capillary  tubes  of  glass. 

II.    OSMOSE  OR  ODIC  FORCE. 

244.  Osmose,  Ezosmose,  Endosmose. — Osmose  is  the  transmis- 
sion of  liquids  into  eoch  other  through  the  pores  of  an  interposed 
medium  which  ordinarily  offers  more  resistance  to  the  passage  of  one 
of  the  liquids  than  of  the  other. 

When  a  membranous  sac,  or  a  vessel  filled  with  a  fluid,  and  closed 
by  a  membrane,  is  plunged  into  another  liquid  capable  of  mixing  with 
the  first,  two  currents  are  established  through  the  membranous  partition. 
The  current  from  within  outwards  is  called  exosmose  (from  iZw  out- 
wards, and  w/TiMo<;  impulsion),  and  the  current  from  without  inwards  is 
called  endosmose  (from  iydov  inwards,  and  durfio^). 


Of  FLuros. 


197 


Tli«  tnore  general  term  ormose  has  been  BubBtituted  by  Gralittm  ft>r 
ibe  two  corre1ati?€i  terms  just  defined,  as  beitsg  a  better  expre»9ii>D  of 
all  Uie  plicnoQicDa  cotieerned. 

Thm  fikaaoamih  ef  ostoone  ».re  clovoly  allkd  to  tfaoss  of  paplllarttj.  Tliejr 
b««a  v^ry  Mcurfttclf  studiod,  jiArticularlj  bj  Dotftwbei,  who  bfongtil 
forw«ri]  bi<  rctseiircbej  ia  1827,  anJ  iboim*  fceuatlj  hy  Prof.  Ormhun, 

245,  BDdoamometer.— The  est^tence  and  mpidity  of  the«e  currents 
ii  «90^rtamcd  Lij  the  eiidonmometerf  a.a  instrument  ^hicb  may  be  thus 
Mfiatnioted.  Tu  a  membrttoous  |>ou€h  or  bkdder  is  fitted,  hermeticdiljj 
i  itloM  tube  as  in  Rg.  108. 

Tb9  J«r  or  blnddcr,  rind  pnrt  of  tlic  tnb^,  is  filled  with  a  dense  liquid^ 
IS  B  stfong  tolutiou  of  gum  or  »ugar,  and  103 
|ilaced  in  n  tftll  cylindrical  jar,  which  is 
ibeti  ftLUtI  with  distilled  water,  until  it 
■tioib  exactly  at  tbe  level  uf  the  filuid  in 
Ibe  tube.  For  very  exact  experimcntSp 
thi*  level  is  constanily  tnaintaincd  by  the 
»dditi{>ii  to,  or  the  removal  of  the  water 
in  th*  outer  jar.  After  ft  time,  gum  will 
be  found  in  the  outer  tes^el,  a  current 
from  without,  inwards,  atao  taking  place. 

If  wo  wish  ta  detertaiBCi  man  we,etiTnJte\y  th.9 
aetati  ma  well  ui  the  cOHiparaLtve  fiuw  of  dif- 
f«fep.|  Ucjuidii,  we  maj  me  an  AppDr&tnfl  iM?n- 
itmcted  M  fdllowt: — ^Over  the  op«D  monLh  of 
A  bcU  j|sr,  of  a  few  capacity,  ii  pi«oed 

ftfilale  of  |»eff orated  kidc,  to  support  irmly  a 
9)c««  «f  £re«b  ox -ttl adder,  which  ii  t«cur«1y 
t&cd  ©¥«  It.  To  thO'  upper  aperture  is  attuhed 
e  grwliiAted  tabe^open  at  botb  ends,  the  eapa- 
t»f  wbiiM  iatiarior  bears  a  tf*rt»in  definite 
'on,  aj  J  j(fth„  to  that  of  the  lower  u[icii- 
af  ihv  KciU  }M  •  10  that  a  ri^e  or  fall  in  the 
tube  a*  of  100  n.  ra,  t  S*lJ3T  in.)  imik^tu*  the  cn- 
trmoce  or  rvm^rml  of  a  niratum  of  liquid^  1  m. 
{<Bi'iii9Z7  in.)  tlikkn«2«^  ovkt  the  whok  aurfaou. 

240.  Neceaaary  conditiona. — According  to  M.  Dotrochet,  in  order 
iuoeeesfulty  to  produce  the  phenomena  of  endo«mose,  it  Is  u<jeeMary  t- — 
UU  That  the  li(piids  be  mMceptibk  of  muiuij, 
2nl,  That  thf  tf  art  0/  diffrrent  densiiies. 
i.  Tkat  the  membrane  ar  wait  {trptum)  i»hich  stpanUu  ikan  u  per- 
Ue  t&  m%6  {tr  Uith  liquids. 
Mat«nAla  for  aeptum.— All  thin  antiaal  and  Tegetable  menihranee, 
Uua  platM  of  bimil  clay,  &laie,  marble,  pipe»clay,  ie.,  produce  eudos' 
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motic  effects  in  a  more  or  kaa  notable  degree.  Of  morgfi.nlc  tnatcrbls, 
those  whiuh  contJiin  moat  silicic  acid  are  less  permeable.    A  chemical 
action  on  the  materiala  of  tlie  soptuin,  itivariably  takes  place  (eicept' 
iiig  with  alcohol  atid  cane-sugar  »olutidns),  whether  it  is  fyi 
bladder  or  of  earthenware.    Wbere  the  partUioQ  is  uot  eUBCcptil 
beiDg  acted  upon,  the  endofrniotic  action  h  Tftry  slight. 

247,  Diioction  of  the  current. — The  endoBinotic  current  i*  lo 
general  directed  t-:nvards  the  mur©  dense  liquid,  but  alcohol  and  ether 
are  esceptions ;  tliey  acting  ob  denser  liquids,  althoiigb  lighter  than 
water ;  eo  also  aa  acids  are  more  or  leais  diluted,  there  is  endosraose 
towards  the  acid  or  towards  the  water.  The  csccas  in  the  quantitj  of 
the  liquid  whiuh  passes  into  the  ea  Josmonioter,  is  proportional  to  the  sur- 
face of  the  membranei,  and  to  the  different  heightu  ti>  which  the  liquids 
mount  in  capillary  apacea,  the  elevation  taking  place  from  that  eide  of 
the  liquid  w*hit!h  has  least  capillary  action, 

248.  Organic  aolutloos. — Neutral  organic  srubstances,  such  aa 
gum-arabic,  urea^  and  gelatine,  produce  but  little  endosmotio  action. 
Of  all  vegetable  Bubstance^,  sugtir  solutioo ;  and  albumen  among 
animal  bodies;  arc  those  which,  with  cqnal  density,  possm  the 
graitost  power  of  endosmose.    The  figure*  attached  to  tlie  followiog 
sabsnmoes,  indicate  the  proportional  height  to  which  the  liquids  rvm^^ 
when  the  endoamometerf  being  filled  succesaircl^  with  solutiunH 
them,  of  the  same  density,  was  placed  in  pure  water:  gelatine  3*  guin^^ 
5,  aut^ar  LI,  albumen  12, 

240.  Inoirganlc  Bolutiona, — Neutral  ealts  do  not  poeseis  any  peei 
liar  power  of  endosniose,  but  diffuse  themBeWes  with  nearly  the  fam| 
rapidity  as  if  no  porous  partition  was  u^sed.  Alkaline  eolutions  greatll 
tLccel orate  ondosmoee.  This  may  he  ohecrTed,  even  in  iKjlutions  whicK^ 
contain  hut  1  part  of  the  alkaline  &alt  in  1000  of  water.  In  mode* 
ratcly  dilute  solutions  (containing  not  more  than  2  per  cent,  of  the  salt) 
the  action  is  most  rapid. 

The  soluble  salts  in  the  soil  are  taken  up  by  the  rotxtlets  of  plants  bS^M 
the  combined  action  of  capillarity  and  endojstnoj^e :  the  salts  enterin^j^ 
the  plant  more  rapidly  than  the  water  which  holds  them  in  solution. 

250,  Endoamoae  of  gaaea.^There  ia  endosmoge  between  ga^es,  aa 
between  liquids;  if  we  connect  two  vessels  containing  different  gase^r 
having  a  dry  membrane  between  them,  the  gnsee  will  gradually  mil, 
equal  currents  being  established  in  both  ;  but  if  the  mcmbnuie  is  moi^(, 
iincqiiul  currenU  (that  is,  endosmose)  are  formed.  Thus,  a  eojtp  hubhl 
placed  in  n  jar  of  carbonic  acid,  will,  in  a  litUe  time,  burst,  owin^ 
the  iuis reuse  of  volume  caused  by  endostnote. 

251.  Theoirlea  of  endoismoie,^af&Dj  thcorki  baro  bceu  p 
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for  tbexe  |)hea{>m«EiJL  :  «ucL  m  tbftt  ^ntloiimoie  was  du&  lo  «it  oneqaal 
riftsousj  uf  iha  twit  Uquida;  tu  etirrvula  &f  ckctricitjr  t^AiaiTig  in  the  diroctioD 
Iff  oDUoffiiin««  (  to  th«  uncquml  pcrt&cabilil/  of  Ui«  mombrMci  for  ttie  tw« 
liiliiiila,  oTf  thiU  Uio  ph«noiiieitiia  wu  dua  to  cftpiUarj  kctioD,  joined  to  ibe  aill. 
nity  af  tbe  two  Itquida.  V(?ry  probabij  «adotmoic  dcpeodi  on  the  tavaa  tureci 
tbtl  pro4a««  ci.piltimtjr,  btit  til>vi(iti«]y  ibej  are  nat  tbu  only  forcei  wbkii  exoit 
Inftunie*,  Tiir  ito  Gnd  I  b  at  b«at,  ffbich  slwajri  dimiaiibeft  CApillArU;^  ftagmcaU 
ibc  ttna^tJb  of  Lbo  eiidoamose. 


Problems  on  Hydrodynamics. 
ZZiaaticity  of  Iiiqulda. 

fS.  A  ntbl«  fo«to^W1li^f  »t  tba  fr»Kli)g  point  is  Bub1n^ttl^d  to  a  pr«ffturQ  or  SO 
•ilaiorfibcrii*.  Huw  g'rtial  U  Uie  cDndeDs&Lion  ?  and  wbat  u  die  ftptcifie  grairit/ 
«f  the  C'tinflfniV'd  lj»juidF 

9i.  Whmi  M  lb«  tp«cific  graritj  or  yea  water  at  tbe  <1i]|ith  of  tfar&e  mllrfli 
mkaniiix  ibe  *p«ciiSc  gravUj  at  ibe  surfttoe  1  Cl3fi,  and  tbo  eowipfftssiUlity 
»'«aoot2a,  »nd  sllonring  i.  eolomjct  of  fr»h  water  StU  feet  high  to  equal  tbo 

fd.  How  mucb  would  iboTolnmo  of  a  ciibio  Toot  of  alcoboli  at  45"^  Fabrcabflt, 
)l«  diminitibtrd  hj  a  prei»Dre  uf  fotir  aluii>5iibi*rt'S  T 

Hy^oBtatic  PieasuTe. 

Dift.  In  b/dr05t»iH'  pr«jiJi>  given  tbe  {liamet^rs  of  tbe  two  cjliedert  A  tnd 
It,  and  llie  forre  appliod  to  th«  pump  P':  distcrcaine  the  pre^Aure  produced. 

97,  la        bjdrwitatb  pms,  iuppoiu  Ibti  diiLtiietcr  of  lha  «nia1i«r  cjlindor  to 
be  1  loi'Ii^  and  ilie  diannetuf  of  tho  large?  cyliaJer  to  be  13  iufUefl,  tbc  Icogtb  of 
pvuip-baiiiilfl  tv  ha  :t  foct  from  tbc  fulcrniQ,  and  tbo  dbtaiic^  of  Ibe  piiftoo  2 
ttttm  iba  rulcrvnt,  tbe  torer  baiag  one  of  the  »e«otid  onler:  wbat  u  iho 
D  O'f  tb*  pre^sofv  exerted  to  tbo  putrer  esnplojed? 
9%.  A  oibieaj  vcaiiel  ia  filled  witb  fluid;  (^inparo  Ibe  prcisarea  upon  tbe  lidet 


A  tl««der  j-nd  U  immersed  ifertieall;  in  a  t}uid :  divide  it  into  tbroe  por- 
wbicb  ibatl  bo  cquallj  prvaaed. 

.  Compare  ibe  pres^urec  on  two  ectnal  uosoetei  tnattglea  juit  immcr»cd  in 
lb*  *wa«  fluid,  oiiD  with  li»  ba«e  npwardi,  tba  otbcr  with  tbe  l>&a«  downwiu-da. 

lOL  A  rytlndrlcftl  rea»ct  ix  ftlled  with  %  beavj  flnid:  what  proportion  doei 
th*  pmtur*  nn  llie  cyliadriral  turfn^e  bear  to  the  entire  Wirigbi  of  the  fluid  F 

U%2.  If  tbe  tobe.  T,  of  ib«  wuttsr  bdbwBp  Ag.  144,  is  10  feet  bigb,  and  tbe 
fafface  of  tbv  t*ol1awi;  B  r»  ia  19  ioofaee  iu  diameter,  what  weijgbt  will  be  m*- 
tAiavd  wben  tLe  lutw  b  tllvd  with  wat«r7  and  what  wbun  tbe  tubo  ie  BUed  with 
mercury  ? 

lt>4.  The  Mvt  nf  t  bun'>w  pjmtQid  M-i  t»o«Mle4  triKn^let.  tbe  btM  ii  a 
rveljutf  la  bav-tdf^  itdas  <t  atid  a.iid  Lbe  height  uf  tbo  pyramid  is  If  ibo 
prramid  be  pbu^d  wilb  ila  hattf  on  a  boriiontAl  plnnop  and  flilod  with  watcir« 
be«  d^Mv  tbo  wlM«Ie  ■4ti»titit  uf  pn3»«ure  on  tbe  ftfor  aided  compare  with  tba 
^rwaut*  Mptju  tlie  boritum ! 

t»n  ^  ^  <phi?TicnI  tcimI,  6  lorhos  in  dinmoter,  without  a  bottom,  itjinili 
on  1  .  |ilauu.  Wbun  ju^t  fillril  witb  waler^  tbe  UtiuJd  bogifis  tA  ruo  out 

•1  iLl  l  .  .1  Lu.    Doteruine  tbo  wuigbt  of  tbe  rewtl. 
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lOfi.  Whttt  height  must  a.  column  of  mercorj  haxo  Id  baJutee  &  culauti  «r 

100.  If  a  ve«fie]  of  water  (;omniimiFa|<?(i  wiLh  a  vcssol  oT  ether,  eUndiDg  al  m 
haligtiit  of  20  IncLtes,  at  what  vHavuLitm  wjU  the  water  staud  f 

BuQ7anc7  of  Iiiqaidfi. 

I0r»  A  man  eicrtiDg  all  hie  tortus  enti  rabe  n.  weight  of  300  lbs*:  what  would 
ha  the  wtiigbt  of  a  sUmu  {Sp.  Gr.  =  2*5)  which  he  could  jast  rAise  ander  wiitcr  f 

103,  If  A  ^ivea  ftkcc'  of  silver  hv  bfttanoed  b;  ki  weigh (,  of  iron  is  air,  what 
iLdditiou  tonst  ha  tno^le  la  tbu  iron  «ci  that  the  uroD  anil  fiilvar  maj  Iw  In  equili" 
briam  whou  immer^d  ip  watL-r? 

Hnw  niuoh  AH  ill  12  ouoces  of  gold  weigh  when  ifflai«rB«cl  in  dlooliol  {Sp, 

Gf.  ~  O'f sej  t  , 

110.  If  ao  ill«j  of  g«ld  imd  lilvorr  weighing  32  oniitw*  in  ftlr,  loatt  Ih  onnoftl 
when  weighed  In  wiit«r,  how  much  uf  thts  alloy  it  goli!»  and  h»w  much  fiUvcirf 

111.  To  dvuid  inxiittnitwn  in  tho  puri-bn^A  uricnd  {due  lu  ihc  frauilufuiit  tnlro-' 
duaiob  of  pigd  of  iron  cmcotivd  w  lead],  tUe  Ku»!<iui]  gifVeruoicriit  »Fe  ih  tlie 
liabil  ofweigbLDg  lha  lead  ofl^r^d  for  sale  with  weights  of  leadj,  ffo  a  balooca  so 
arranired  that  both  paju  can  hfl  immerdt^d  in  water  aft«r  thcj  are  hroag^ht  lo 
equilibrium.  If  equilibrium  romniDS  undtjsturhcd,  the  lend  Lm  puru.  Olbiir- 
wiie  ita  degree  o(  ndultcratian  can  be  citlculatud.  fii!it>p'Lise.  the  Mbove  te*t, 
tb*t  ISflO  Ibj,  of  commctrcial  lend  is  fonud  to  bo  uluUcratcd  to  nuvh.  s  degree  ai 
to  r04|tiire  tbo  addition  uf  IQjT  lbs.  of  kad  weights  uudcr  water  to  inroduco  cqni- 
Libriuw,  what  It  the  amauni  of  iron  encajHid  ia  liio  coenmurcisl  lead  {Sp.  6r.  of 
lead  =  lliS  J  of  n^al  itQU      7  fl4j  ? 

Floating  Bodiei. 

112.  Bupposing  the  tptKMflt?  gruTily  af  a  mnn,  of  water,  &nd  of  cork,  lo  be 
1*12,  1,  and  0-24  rcepectiv«l>-,  whiif  qii»ntitj  of  ourk  inust  be  iittnchcil  to  a  iii«n 
wflij|j:h]ng  150  Lbn.,  that  ho  may  just  Ai)»t  in  wntc^r  ? 

113.  A  cylinder,  whofiQ  length  It.  greater  than  itf  diam«t«r,  hnvrng  a  ip«elSo 
l^nvitj  of  0-63,  floats  in  water,  what  portiiOti  of  the  diameter  of  tbe  frytindcr  is 
itDiCivrN>d7 

111.  What  ij  tbe  bulk  of  a  holloir  tummA.  of  copper^  wolf  hiog'  £  Ibi..  which 
just  tvotttt.  in  water? 

115*  How  much  bulk  most  ft  hollow  tmscI  of  iron  occupy,  weighing  one  ton* 
tbnt  it  maj  float  wltli  ot,\y  oue-half  ita  bulk  imm(<r!ie{l  in  water  f 

110.  A  ship  ODt^rlug  tk  river  (tiym  the  oee»u  ^tokff  2  iucU^fl,  uid  after  dis- 
charging 12,000  (b*,  of  cnrgo  riiei  one  inoh  ;  wtnt  is  th«  weight  of  th«  il*ip  aud 
cargo,  rcekontfig  th«  ffpecifio  gnyHy  of  B(»a  water  ? 

lit,  A  life-boat  eontajufl  100  cuhltf  yu-rilf  uf  wwud  (Sfi.  Or,  =  0  i^),  aeid  &0 
eiibb  jaida  of  air  (Sp,  Gr,  =  D  iMUS),  When  aUcd  with  frc*h  water,  what 
weight  of  ifoii  ballMt  {Sf*.  Gr.  =  ^*%lh)  inwiil  b«  thrown  into  it  bcfwre  it  will 
Minkr 

118.  A  parallelopiped  of  ire  whoflB  dimensious  are  15*7>>  yards,  30*4^  janU, 
Jtnd  lO'S  jardi,  if  ioating  In  water  on  broudcat  faco;  tbii  Eiwrifx^  grMvtt^ 
nf  ica  wator  It  1'026,  and  tbiU  of  we  O'W.  Ecquirod  iho  height  ef  iho  ico  aljore 
tbe  larfacc  of  (ha  water. 

1 19,  Wbeu  two  pOFdOBft^  A  uid  descend  together  to  tb«  boltonfe  of  «  take  in 
a  eylindricni  dlriDg-bd!,  it  ia  DbterT«d  that  the  w&t«r  stands  1  inch  lower  within 
the  bell  than  when  A  dc«cendi  algno;  the  pr&sittro  of  tlttf  fttraojpber«  Is  equal 
to  a  e&lnoin  of  water  3S  feet  high,  the  dismeter  of  the  bctl  ia  4  f^ot»  Md  the  inr- 
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M  of  iTftler  fritlaia  It,  at  the  ItoUdtm  of  the  tftke,  ii  20  r«ct  beldw  th&  snrtieo 
the  1»Jke  ;  Aoil  tjie  volutaa  of  B. 

A  fitv*  iif  fl'mi  gluR  weighs  fn  A.ir  4J:20  gniai^  and  in  WAt«r  it  wdghi 
"~  '  rgtmu*  t  wUftt  i)«  iU  jfiwciflw  gravilj? 
12L  tirt«nnino  the  weigbt  of  graDulaunl  tin  from  the  folloirlng  dstft  : 
Wci^bi  of  b<»ttt(3  fillod  wttli  vrttter  at  AO''  F-j^         ,    44-^79  graoimcA. 
"       "  tin,  0-4,n  *• 

»  hrttiJo  tin  Jiftd  ir»i(«r,     «...   52'515  " 

US.  Tfc»  anfue  spec-ifte  grjivUy  buuk-  tif ed  in  the  Iftst  oxBjnpk  ii  aapplteifl  with 
7*43A  grwftnc4  of  pawderf^  gla«(i.  Tbe  W'Oigbt  of  bottto  water  and  powdered 
ptiuia  1«  10^95^  grauimsfi,  what  t*  the  specific  graritj  of  the  j^tawdered  f^lw»7 

123.  A  botlj  wcije^hf  H  \ht.  in  air,  and  9  !b».  in  water  j  atinthef  budj  wdgha 
SI  in  air,  ojid  T  lb».  In  water:  wbot  vq  their  r«»pflcUt«  apoctlio  gravities, 
io4  bow  dU)  nbej  eompare  with  e»«b  other  ? 

1S4.  Thfl  eonuietpoiM  of  a  Nicbolson's  bjdro&ieter  reqaiaitft  to  linlc  il  to 
wcif^bs  2:^  gruonm.;  with  a  piecd  of  briiAa  do  the  upper  pan  it  riHjuLrei 
S'lTl  jgnarm«i  |o  liuk  U  to  t«TO,  and  I0'2jl  grammes  whon  the  same  piece  of 
1>na«  it  OB  llie  jow^r  pan:  what  is  th«  ii(>crl1i<  griLvity  uf  tbo  brass? 

lis.  A  Fftbreo  limit's  by  drome  ter  wvigbj  7*>0  ^mim — to  sink  it  in  water  300 
£fB}M  an  re<|ili0it«  (rchlume  of  w*ier  =  to  rolumti  of  bydrduetur  ^  1000 
gr^ist*},  plae«d  In  ftlcuhol  132  grainB  ore  rcqaircd  io  bring  it  to  lero  {dZ2  grstoB 
—  ^olDine  o(  «laohol  —  Tolnme  of  hydrometer).  What  u  tho  epecifio  graTitj 
or  aJe^bolf 

Motion  of  Iflquidjs. 

t2B,  Wliol  T<^1ame  of  wat«r  will  flow  (mm  an  orifice  2^  incb«*lii  diAOulw,  in 
T  •eeoBidii,  if  t|ie  contro  of  iho  orifice  i?  If!  f(mt  li«lnw  the  Ktirfoce  of  Iho  fluid? 

117.  A  r*fici  24  feet  dwp  is  rai»ed  5  tmt  uAatYQ  a  pUnfl:  huw  for  wUX  a  jel 
KDg  &  feet  from  the  bottom? 

118.  A  jH  O'f  water  irttuing  frum  a  reuel,  3  ffrat  Wtnw  thfl  inrfaco,  a,nd  >□ 
Hi««  mbovt  the  borboQUl  ptAOO  on  which  it  fallf^  if  soc^n  to  baTo  a 

borisonlAl  rangg  of  2-3  feet ;  how  do«a  tbe  VQlDcitj  of  didchargtt  compare  with 
f  htKintticwl  veloclly  f 
17V,  A  jvt  at  wtkUir  Isjucf  from  a  eylimdrical  adjutage  2  taclbes  in  diAmet«r, 
iticbea  long,  with  »  head  of  10  fecL    What  amoiint  of  water  ii  diacbaiged 
baar  ? 

I.IH,  What  riuaatitir  of  water  wiU  b«  diechargt^  per  dajr  ibroogh  a  tnkm  Q«a 
tiicb  in  diameter  and  19  feet  long,  utider  tbe  preAiiart  of  21  feet  headf 

l^L  If  a  Are-en {cine  difcbargei         cable  foct  of  water  throngb  «  }  ioch 
tn  an«  mtenie,  bnw  high  wiil  th«  water  be  prcvjutitcdj  ih«  pipe  beitig  directed 

1.^2.  Wbat  will  b«  tbe  diiTcn^atre  of  level  in  a  p;ltxs&  tube  Ineh  diamet«r^ 
b»tJt  in  the  form  of  tiiK  Iclter  C,  whefl  ope  bniQcb  i*  Qlkd  with  meroiiiy  uid  tho 


l<;  10  feet  lung  and  2  feiit  thick  (the  teOidtj  t»f  marble 
luare  iueb),  it  biirat  ajundcr  hj  tbo  capillary  atlniction 
f,  ''1^**    Tbo  (inriei  of  pUiga  1i«iiig  1^  incbcA  apurt,  1  Im-b 

t-  .uL-Uttf  long*  the  pi  is;?*  *ro  driTto  dry,  and  aftcrrward» 

»'''  inater  by  cnpiliarity.    What  boight  wonld  be  t^nirvfii  for  a 

•tr.r ,  ,,f  water,  aeting  npon  the  (iriflt3««  where  ihe  p1ug«  are  unBertcdt 

ke  pnoduee  *  tio^iiiir  nptore  of  tbe  marble  t 
20 
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CHAPTER  IV. 

OF  ELASTIC  FLUIDS,  OR  GASES. 
Pneumatics. 

I.   DISTINGUISHING  PROPERTIES  OF  GASES. 

252.  Definitions. — Pnetimatics  —  Gases,  vapors, — tension. — 

Pneumatics  (from  Jlvsoixa^  a  spirit  or  breath,)  is  a  subdivision  of  the 
general  subject  of  Iljdrodynamics  (186),  and  is  devoted  to  the  consid- 
eration of  the  properties  of  elastic  fluids. 

Gases  are  elastic  fluids,  aeriform,  transparent,  and  usually  colorless 
and  invisible.  The  blue  color  of  the  air  is  due  to  vratery  vapor  in  the 
atmosphere.  In  gases,  the  molecular  force  of  repulsion  (140)  prevails 
over  the  force  of  attraction — and  in  the  permanent  gases  this  force  has 
never  been  overcome. 

Vapors  differ  from  gases  chiefly  in  that  they  are  produced  by  the 
action  of  heat  upon  liquids — as  steam  is  produced  from  water;  and  by 
their  returning  again  to  the  liquid  state  at  ordinary  temperatures  by 
the  loss  of  heat. 

Tensio7i  is  an  expression  for  the  tendency  of  a  gas  to  expand ;  the 
degree  of  expansive  force  in  each  gas  being  specific  and  varied  by  tem- 
perature, and  mechanical  means. 

Gasef,  tunple  or  compound. — Of  the  thirty-foar  gaseous  bodies  known  in 
chemistry,  four  ouly  are  simple  or  elementary,  viz. :  oxygen,  nitrogen,  hydrogen, 
and  chlorine.  The  three  first  named  of  these  gasee,  together  with  the  compound 
gasc?,  oxyd  of  carbon  {CO  )  and  the  biooxyd  of  nitrogen  (A'O,),  are  the  only 
aiiriform  bodica  which  have  thus  far  resisted  the  united  eflccts  of  cold  and  pres- 
sure, and  permanently  retained  their  gaseous  state.  Hence  they  are  called 
permanent  or  incocrcible  gases. 

All  other  gascsi.  whether  simple  or  compound,  have,  by  the  means  named, 
been  coorocd  into  the  liquid  or  solid  state,  and  are  hence  called  non-permantnt 
or  coeri'iblc  gases. 

253.  Expansion  of  gases.— Expansion  is  the  most  characteristic 
property  of  gases.  This  molecular  force,  for  all  ffcat  appears,  would 
separate  the  particles  of  a  gas  indefinitely  through  all  space,  were  there 
no  counteracting  causes. 

Under  normal  conditions,  the  atmosphere  is  in  a  state  of  equilibrium 
between  the  earth's  attraction  and  its  own  expansive  force.    If  we 
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dUtmh  thU  contlitloa  af  e<^unibr'ium,  eoe  erideme  of  the  oiercl^ 
tjf  tbe  power  of  espanslon.    In  fig.  Xfio 

a  mi.4j$t  bladtkrf  pardj  filled  with 
aiA  is  8ut>Jtft.'teU  ta  a  partial  Tticuum 
uotltr  ill©  atr-bEll,  A»  the  preasur© 
m  the  bell  b  dimiovshed  by  working 
Ihe  ftir-puiupt  llna  porlion  of  confined 
»ir  efpaudtt,  ftod  ditteiiJs  the  flaccid 
bUddcr  until  it  Ellft  the  jar.  As  ioon 
MM  the  i^(]^uUihrmm  of  pressure  is  re- 
»rcil  hj  opening  a  comiDiinlcfition 
rith  the  (Cxteriiti!  atr,  it  contracta 
m  to  iU  orij^inal  dimeDsions. 
It  appears,  there  fore,  thai  gases,  like 
l»qaids«  «j%  in  a  state  of  equtltbrium, 
only  differ^nc©  in  the  conditionB 
of  cquUibrium  being  that,  in  liquidfl^ 
tliia  •late  results  front  the  opposite 
«ASscU  of  the  two  molecular  forces;  while  in  gaaes,  the  repulaiye  force 
b  hmld  in  control  by  grafity,  or  iome  extraneous  force. 

^1.  Mechanical  condition  of  gaa^B.—Perfctst  freedom  of  motion 
mmcmg  tb«ir  particles^  as  a  conscqueDce  of  equilibrium,  brings  ga.«ea 
iindi^r  the  gtinerul  definition  of  fluidft.  Being  also  elastic,  pundcrable, 
And  Impeftetrnble  (l4)^  it  follows  that  all  the  charactcriatiQ  properties 
«f  Uquiil^  alr<*rtdj  di^iTUsaed,  apply  also  to  gases.  Atniospherii;  ah"  is 
th9  of  permanent  gases.  For  its  ohemii^al  conifLitutiun,  referenda 
ttt*tlc  to  chemistry. 

II.    FROPERTIIS  COMMON  TO  BOTH  tiatflBS  AXD  CASES. 

1.  0asea  tranamlt  pretstire  eqnaUy  in  all  directioon. — The 

of  Pascal,  already  demf>uatrated  with  respect  to  li^juida  (180), 
who  true  of  gTv>c9. 

Suppone  the  tcsscU  fig.  200,  to  be  filled  with 
it  III  the  UBital  «Ut«  of  tensido.    By  itn  eta^ 
Ity  it  exerts  an  equal  pressure  in  all  diree- 
and  by  the  rea-^ning  in  |  180,  iho 
rare  It  exerts  on  the  plat*>ns  a,  b,  i« 
f.^jvjrtion  t<^  tficlr  nrea^.    The  saioe  is 
of  any  part  *>f  the  inner  surface  of  the 
rl,  or  of  any  nct^tioii  of  its  interior, 
if  ih*  air  within  and  without  the  Tes»el  has  tbe  same  tenKiun,  then 
.tibtpiafcoat  huTO  no  tendency  to  move*  tlio  inner  and  outtsr  pr«a«area 
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exaotlj  balaDcing  Cftch  other.    An j  pressure  npplred  u(K)n  either  of 
tbc  pistonB  developa  nu  incrcusc  of  clastk  TurcD  la  the  gaseoua  cooten 
<*f  ihe  vessel,  proportioned  to  the  nraaaot  of  compression.    This  pr 
Hurfi  reacts  on  every  portion  of  the  imiGf  surfueG  of  tbe  vessel,  and  mov 
eiMih  of  the  other  pistons  outflrards  with  a  force  proportioned  to  its  areaT 

TUd  flbwf  diffiarc'Ddft  between  the  traiiitttiiBsion  nf  itr^aturc  ia  gasei  md  Hqui*l* 
fa,  that  in  guicj^j  owm^  to  their  dastiettj,  lha  vQbcLs  of  preaeuia  ue  not  fislt  At 
istng  dist»ticc5»  so  inHtaatiiDooiifllj  as  in  liquids, 

Tbo  dtfltribuii'iia  of  UlutdiDAtiuii^  giu  Ui  eitiea  thrpugh  mmj  railet  a^t  p{\ 
illuiKtrntCA  both  tbo  Uw  und  the  cxrwpLion. 

The  rcAetioti  due  to  elusCkity  pre  rente,  u  l«  wi?)l  kuoim,  iho  driring 
hlul  of  ur  in  u  eflecUrfl  manuer  through  (hbaU  and  toTtuoun  ^asfiiigca. 

The  Idwp  wad  illnttr^tioifn  regarding  tb«  pressHro  ftud  equilibriutm  t*f  lii\n\i», 
eontatoed  iu  191,  192,  193;,  and  \99,  are  also  trae  of  gttsv*  ;  and  Hi*  iban* 
fore  need  less  ti  repeat  thuui  Id  tLiE  con  oeu  Lion. 

256.  Tlio  atmosphere* — Its  (^nerat  phemmena. — A  vast  a'erial 
ocean  rests  upon  the  surface  of  the  enrth,  penetrates  even  its  aolid 
cruat,  and  is  diR9olvt*d,  to  &  certain  eactcQt,  in  its  waters.  It  ia  composed 
of  the  tTTo  incoercible  ga^es,  nitrogen  and  oxjgen,  in  the  proportion  of 
nearly  fotir  parta  of  the  Brat,  to  one  part  of  the  Bt^cotid^  by  measure. 
It  ia  held  in  ita  place  by  the  force  of  gravitation,  which,  counteracting 
the  molecular  force  of  repulaion,  brings  it  to  equilibrium  at  about  forty- 
five  mibs  above  the  earth.  This  height  of  the  atmospbero  has  been 
ditermiued  chiefly  from  the  pheaoroeoa  of  refraction,  as  observed 
its  efl^ect  on  the  rising  and  setting  of  ihe  heavenly  bodies. 

It  u  th«  opinion  of  BuaaeD  aad  othcri  that  the  atmosphere  cxtei^dt  to  a  dii- 
tatii^  of  ftbaut  300  mikfl,  althoagh  ii«  doositj',  itha^tb  4S  iniloa,  is  too  vmall 
refract  W^hi  io  atich  a  An^T^  ai  to  eosble  ii»  to  i}bjicrv«  it    Mnnj  pD««inai 
expcrime'nti  oire  tbougbt  alio  to  Indicate  an  altitude  of  the  atisQ^pbem  AxeeedLi 


The  atmosphere  partakes  of  the  motion  of  the  earth,  but  its  state 
rest,  with  roispeot  to  bodies  on  the  earth's  surface,  ia  distarbed  by  winds 
and  oarrents,  caused  by  agencies^  to  be  considered  hereafter. 

Like  the  oeean,  the  upper  surface  of  the  atmosphere  must,  theoretieally^ 
haTfi  a  definite  surface,  since  each  particle  is  influenced  by  gravity  io 
a  similar  manner,  and  ihe  reaidtant  direction  of  tticse  actions  at  an; 
point  must  bo  a  radius  of  the  earth  (199), 

It  foMows  frf^m  |  191,  that  euch  mfdeculo  of  air  exerts,  at  a  givi 
level,  the  pressure  due  to  the  weight  of  a  continuous  line  of  moleciilct,^ 
extending  vertically  from  the  point  chosen  to  the  outer  limits  of  the 
Utiaasphcre,  Therefore  it^  upward  pressure  (192),  ita  pressure  on  the 
•IdM  of  any  vessel  (19;?),  and  it*  bunyaaey  (205),  oro  the  same,  and 
governed  by  the  same  laws  as  those  already  enunciated  for  liquids; 
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proTided  tlmnyn  thut  there  is  n  commuiiicatton,  however  small,  between 
the  ottter  air  and  tiio  ioterior  oTmj  given  tcsscL 

2S7.    Atmospheilc  preiiBUte. — The  preat  weiglit*  and  consequent 
preasqre  tjt  llie  ntnioBplierc  upon  bndie*  near  the  siirfuco  of  the  ettftti, 
«i»«M*t>octcd  by  maiikiiij  in  gcneraJ,  until  Torricclli,  ia  1G43,  firal 
Minmmeed  It. 

As  it  Ifl  exerted,  in  oTtcdiooee  to  tho  laxtH  of  fluid  etjuillbrium  (199), 
ilib*  fttitjire,  bclow^  and  on  the  »ides  of  nil  biMli«s«  a  man  of  ukuiiI  sixe 
tonTea  nljinut  iit]COt]sc'iou;>i  tlmt  he  euatains  a  conetaut  luotl  of  over  30,000 
^da,  ur  more  ttmn  fifteen  tons.  If  tbm  presBuro  is  pnrtially  re- 
M  (mm  one  surface  uf  a  body,  itfl  es-iiitetjuo  then  beuoiiies  very 
aMinife«t. 

m  302 


In  6ff.  ;01f  Ui«  upper  end  of  an  nir-jar  ia  bfnocti(!!ilI^  SL'ttled  a  bladder 
ftkia  iJi'tl  uu  vtlt«u  wet  and  drit;«L  It-s  I'liri^r  ^dgo  nfts  upoji  tbe  well-grautid 
f\a.%p  of  «n  air-t'oui'p*  An  tbo  nir  In  tijc  ynt  is  {^radokllj  exbauflte<l  bj  workbg 
ihr  i":trii  ,  i^-.  .K'T^Lruuf  lUa  liljidiler  LL<i<4Jtiivi  moro  »nd  more  depr«iii«d^  im til, 
lir  .  . hurBUf  with  «  sfaarp  report,  owiQg  bo  tbo  pretsiiro  of  ilie 

mi.  ^  iii»ojii  it. 

I  .    •   I     ituvui  dcuiua»mi«t  lb«  dowawArd  pneainre  of  tlic  fttmospbcro  ottlj. 

i,'T  ujtif.u  d prtMirttre  i*  tJlo«tmted  by  the  apparatus  Been  in  flg.  20:1. 

A  k;1««4i  jftr  haritt;  an  o|<tfn  bottom,  mnd  iiwtAtiiod  un  »  tripod,  ti  corcrcd  bj 
4fl  iim|i»rv  ntiiii  cihoulrbouer  bag.  W^btn  a  partiBl  raouum  is  prudaci?i]  in  t1i«  j»r 
Uiriueti  tb«  iipp*r  oixriiiiig,  Ihfi  ^'^ivliliQg  hhjg  rii«s  itud  camtro  with  il  tbo 
»rl  r«.  t  ^^}  :  K  i  ■  iTig  WW,  TUi.i  licfcty  B**!*  U  fuitftiiicd  ia  mid  *ir  on  «n 
•I  J.  ii|)W»rdl  prc'ffure, 

I  ,       iir*  nf  tlr«  mit  may  ftt#o  be  illQeitrAt«d  hf  »  fiunillftr  oxpcri- 

mmnt  witJi  H  lutAUrr.  Titli  •  (umbUr  wUb  wttor^iiud  hj  ovut  it  m  piocti  of 
|ic|>cr.'-ti(»til  lb«  p#(ieT  ID  itJ  plfttMS  by  npoi»  it  »  Kiitrd  tir  ihv  pnlni  of  the 

iMtdi—tHin  iho  tiimbkr  bvU^ini  0{iw&rdji,  nod  remove  Ibu  Umod  at  boij^,  tf  «i 
20  • 
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n{iff%rd  preifuro  of  the  a£iii«B|)faet«  will  tlien  rcfJulQ  llie  paper  in  ils  plMSi 
the  tatDblafj        pm  vent  rug  the  diicliargo  of  tiio  water » 

The  pressure  of  tlie  air  from  all  aides  la  shown  by  ike  wotl-kn^w 
Mivgdeburg  hemispheres,  203 

ThiH  npparfttus  la  cpmpoftod  of  two  hollow  licini- 
sphi3r03  of  hriiBs,  fig.  £03,  whoso  accurately  AtUtig 
«dgi»  nro  wuU  greme*!.  One  of  tliu  liemi?ph<)rus  ia 
ftiruiihed  with  a  elop-cock,  hj  which  coDncclion 
ii  made  with  an  nir  putnp.  PlMilng  lhi»  a.ppMtLlun 
Uppu  thu  air-pumpt  and  exhaailiog  th«  air,  it  will 
ba  fnund  that  tha  hoiai»phcrGs  can  no  longer  bo 
»cparal«d,  no  roftttor  iu  what  poeUiun  they  may  he 
hdld  i  proving  that  tbq  atmosplicric  presanrQ  which 
ftlono  k9«p«  tha  hemiBphores  together^  is  cxL^rtcd  in 
ftll  djrection^^  Binga  adAptdd  to  e&ch  hctnisphtinBj 
«tiiibla  two  pursoDS  to  teat  tiictr  ptreogtb  sgaiDtil 
thfii  atmo^phorio  prcsfnro.  Otto  V,  Uucrick,  who 
invented  thctn,  employed  a  pair  which  hald  all  Lh« 
power  of  a  strong  team  of  ho«e«. 

Those  illustratigui,  ottsily  multiplied  by  tbe  ioginuity  of  ihe  leatslisr,  give  w 
doncB  of  th'D  fact  of  atxaosphorio  preaanre  in  all  dirttciiunfi,  but  da  noi;  Isdkato 
ainoant. 

2i>S.  Buoyancy  of  air. — Bodies  wdyhed 
in  atr  are  gitsfatned  or  bfi&yeii  up  fey  a  force 
equal  ta  the  it>cighi  of  Hit  mtmrn  (if  air  dis- 
placfdj  in  iiccordancie  witli  the  ArL^hituedeutt 
prhiciple  (205), 

This  law  ia  well  illustrated  hy  th&  ripptt* 
ratua  B&en  in  fig.  £04.  A  liullow  globe  of 
htasn  is  counterpoised  on  one  arm  of  a  Ijiilance 
hy  a  brass  weight  at  tbe  other  end.  Ph^ced 
till  the  phite  of  an  air-pump,  nnd  covcre<l  iy 
ft  bell-glflfls^  tlie  air  maj  be  rt^nitiTed  Fruiii 
contiwt  with  the  two  mttssea  previously  in 
eijuilihriuirt ;  and,  in  proportion  as  the  vacuum 
is  produced,  the  globe  begins  to  preponderate  by  ti  furee  much 
greater  than  tlie  action  of  gravity  upon  the  counterpoise  as  the  weight 
of  its  own  Toluino  of  air  is  greater  tlmn  that  of  the  i^ounterpoise. 

The  bruAS  nnd  platttiuin  weights  ufied  in  delicate  determinatiofis  of 
weight  are  standards  only  when  in  Tocuunu  Let  tis  then  represent  the 
various  values  as  follows  t — 

W  ~  weight  of  thu  bwly  !n  *lr  nf  citinijatinl  by  stunJitrd  welgbtf,  antl 
tha  weight  uf  tlt«  iitjiiidiinl  wol|i;ht«  tbviiiHi<lvi<#  in  a  VA«i|um.» 
V  =:  Toluiuo  <*li  thi.'  Mimtliti'il  WfigUtji  iu  cubic  intihe*. 

^  robiint*  itf       huiiy  in  t^ni*\v<  inebo«, 
*»  —  wtiighl  itf  t»ne  euhii'  inch  tif  air  nl  Utu  tioiv  of  tb«  woigbing. 
W  —  woight  i>f  the  body  in  u  vo^uuxu^wbiub  wc  wiab  u  fluit 
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Vvfiifi  now  eoBilj  deduce  the  follow  log  values : — 

Fff  =  huQfrnsaty  of  »tr  on  Ibn  wvigtita. 

IV  —  baojAUfif  of  air  on  ths  body. 

IP—  Per  =  Atfluftt  wetjtflit  or  fttikndftrd  w«tgbti  in  sir. 

W — V*M  =  •A'^tu*!  wcigbt  vf  bcjdjr  in  air. 

Smce  these  weights  jusl  lja!uoce  each  other,  we  have, 

W—  V*a  =  W'^  V*te,    or  W  =^  W  -\~  a  {  K— F). 

Tli«  eofret^on  *»  (  V—  F"),  wliich  maft  bft  mmdt  t«  tbe  weight  dotermiDed  bj 
Um  balMcfi  In  &ir  io  order  la  obtnio  tlie  ir«igbt  in  «  t&cuuoi^  is  eviilentlj^  wAAU 
Uir«  whvti  tJhr  volume  of  Vbkt  hgdy  U  gr9At«r  thAn  the  treigbta,  unil  jrpblrnctiTg 
vh«a  theve  oundttitjias  are  rerert^tL  WbcD  the  vnlampa  ii.ro  oquul,  the  correotioa 
MTO^  piid  the  h^Mii^  jwldi  ibe  jsp-me  rci^Ttlts  in  air  u  id  a  racuum.* 
If  a  ressel,  whoso  cjipi^city  h  100  cuhic  inches,  is  esbausled  of  nir 
Hud  weighed,  tig.  and  txft^r  filJtng  it  with  dry  air  at  the  ordinarj 
teinperaturft  and  preBsore,  it  is  weighed  agntn,  it  will  205 
b« foQtid  that  ita  weight  ie  31-074  grains  more  than  at, 
first;  thut  is,  100  cuhie  inches  of  air  weigh  310T4 
gnubt.  Air  is  the  standard  of  comparison  in  density 
for  sll  guMfl  and  vapors, 

ImpeueUabiUty  of  air.~Air  is  tmpenetrnble. 
This  tatty  be  ahowa  hj  inTerting  ft  hollow  vessel^  a9  a 
tutfiblert  tipot)  the  jiurfaec  of  watery  when  pressed 
downwsinl  the  water  will  »*!t  ri^  fill  the  tmnhler^ 
bceauM  of  the  iiupenetrabiUtj  of  the  air.  The  dimnff- 
htit  4epwds  OD  this  quality  of  air  :  it  con&ists  of  ft  large , 
bcli-»(iapi!d  vciskel,  sunk  by  mentis  of  weights  into  the 
wja,  with  tta  month  downwards,  Notwithstanding  the  open  mouthy 
and  «ooriHou«  presiiure  of  tha  nea,  the  water  is  excluded  frotu  the  bell, 
of  the  air  contained  within. 
Inertia  of  air. — Wind  is  aoly  air  in  inoiioia.  If  the  air  had 
no  iij<*lia,  it  would  require  no  force  to  impart  motion  to  it,  nor  could 
acquire  momentum.  Wo  know  that  the  furce  encountered  by  a  body 
ng  through  the  air  (that  is»  displacing  the  air},  is  in  proportion  to 
surface  exposed,  aod  the  velocity  with  which  it  is  moving  (143), 
The  sfiiling  of  ships,  the  direction  of  balloons,  the  wind^mill,  and  the 
frightful  ravages  of  the  tornado,  are  all  familiar  examples  of  the  power 
of  moving  air,  and  oonsequently  prtjofs  of  its  inertia. 

ni.   B1K01RTEII3  AND  BALLOONS, 

2iH.  Torricellia  vacti urn. ^Meas tire  of  atmospheric  prea- 
tore. — The  amount  of  pre^.jture  exerted  hy  the  almospbi!re  was  first 
dHemiiniNJ  by  Torrict^llit  a  disciple  uf  Lialilet.^  in  Lf>4^. 
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If  A  glasfl  tube,  aB,  fig.  206,  about  32  inches  in  length,  fa  filled  with 

mercury,  aiij  then  inverted  in  a  vesi^el  of  the  same  fluid,  the  liquid 
cglumti  wHl  faH  sjumo  dtstanoe,  and  after  several  osciUution^  will  Gume 
to  rest  at  n,  a  heijjht  at  tins  levtd  of  the  isea,  of  about  tUirtj  incbw 
abovw  tlie  level,  a  c,  of  the  mercury  in  the  vessel.  2Q6 
The  apace  n  Bj  above  the  mercurj,  h  the  most 
complete  vncuum  nltftinable  by  median ioal  iiieaiiB, 
and  is  called  the  Torricellian  Tauuum,    If,  after 
having  closed  the  mouth  of  the  tube,  we  lift  it  out 
of  the  dish,  wo  shall  find  that  the  weight  of  the 
column  of  mercury  pressing  against  the  finger  ia 
very  consideruble.  When  we  place  the  tube  in  the 
Tettsel  of  mercury,  we  have  ihia  same  force  exerted, 
the  column  of  mercury  tendin]*  to  Bow  out  of  the 
tube,  and  another  force,  the  weight  and  pressure 
of  die  atmoaphere,  ten  ding  to  pUftli  the  mereory  up 
in  the  tube.    The  length  of  the  mercuriul  column, 
it  is  evident,  is  iu  proportion  to  the  atmospherte 
pressure,  whieh  under  ordinary  cireunaBtaiices,  u 
e<^uivalcnt  to  a  column  of  mercury  thirty  i&ebce  m 
height. 

Wv  jsiAy  now  e^nsil;  eEtimal«  tbo  pro^jeuTc  on  any  j^ircn 
enrfiuw,  u,  for  example^  a  square  inch.  If  we  atiould 
Ukke  a  tube  whose  has&  is  a.  H[uam  jnch,  and  rcftcni  ilto 
ahore  experimftiit,  tbe  eolymn  n  »  would,  an  hcforc,  hv 
■nst&inod  aX  a  hei^lit  of  tbirty  inctieii ;  but  the  woif;bt 
of  A  euLiirpQ  of  mef-carj  Utirly  incbos  tn  bcigbt  adJ  ona 
incb  j^qniuo,  Is  very  »«wly  fiOeca  lb*. ;  Ibtfte^furei  ibe 
AlmoFphcrio  p^ret^are  on  A  gquure  incb  is  QIWq  Iba. 
(acoitriitely  14 -7 325  lbs). 

If  ibc  Inbfl  wore  filled  with  b  Hqpid  Ilgrbtir  Ibrni  mercury,  d  propurtbimUy 
loagtfT  t*oluinii  woulJ  be  sufUlned  by  tbo  prcftsiire  of  tbc  almosfihcre  i  thu  l*ngtb 
«f  tbo  coluain  bising  inFcriely  a»  ibo  dcnsilieB  of  tbo  two  flttidd.  If  vtnUtr,  wbkh 
ii  abopt.  times  ligbtcr  ibitti  mercury,  wa«  us6d,  tbc  column  of  wtitvr  Buaiainod 
irouUl  be        iitucH  as  hmg  m  ibu  mc?reuHul  «uVitmD,  or  ftbout  thirtj'-four  foot, 

2C2.  Paacai's  experiments.— The  experiment  of  Torrioclli  excited 
the  greatest  pcnsption  throw j^h^iut  the  seienlific  world,  and  the  csptaiia- 
tion  he  gave  of  it  was  generally  rejected. 

PiLscal.  who  flouriabed  nX  tbal  time,  |>crL*tiiveJ  iu  tmth,  ami  rjsr0|pi:)*ed  lu  tub- 
j«rt  tbo  exjiofitdcar.  tn  a  test  wbirb  must  ]iut  m  «ud  lo  nil  fiirihiir  «b«pT>io.  "  If." 
■aid  riuiiiiU  ^' U  b«  rually  Iko  wm^bt  ci^f  tbo  atinosftlicro  umicr  wlucb  we  live, 
llmt  »uprMirtji  tha  calnron  uf  mercttry  in  Turrit'tsHi^s  tube,  wc^  fbEll  Bcul  liy  trtius. 
porting  tbis  tubti  tu  a  1irniL«r  fmiht  itt  the  atiuu^ftb^r^,  tbnl  in  proportion  mt  it9 
Icavii  inrlow  Mt'irB  aijiI  iaur*s  tuf  tUc  uir,  iberts  n  lc«»  culumti  uf  mercttry 

iii«|»iricd  in  the  tulw,"  r**eiil  thercf'^re  earTi<.'il  a.  Torrieelliati  tube  In  tbo  Iwpof 
A  lofty  mouDtiLiti,  cnlled  t(i«  Puy-do-Doine,  in  Auwergne  (oeisinJ  Ff»ows)»  It 
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f<rQ]i4  ih»k  the  eolamti  ^nxluiLlI/  dimitiidUctt  in  tict^lit  oa  tha  ekTation  to 
the  ioitruineal  w*b  ejurjod  lacrciwetl^    Ho  rvpcstcii  Utia  cxporimeitt  mt 
•o  (FranecJ„  in  lffilO»  witb  a  tube  of  nabBr,i  and  fouad  that  Ihc  colamn  w~ 
ftt  •  bcigbt  of  Aboittt  iliin^'-ruitr  fetit,  or  1^*59  times  gr«&ter  tham  tb» 
I  of  the  column  uC  mcrfiir_>% 

£63.  Goiutnaction  of  baiometerB.— Barometer  la  the  name  girea 
to  Torricclirs  iulie.  This  lustruaieni  bas  diffbrent  furma,  acuurdtog 
the  nt*  fijr  wbick  It  is  deajgned^  There  a,re,  bowcTer,  certain  conditions 
fulfilled  In  the  cotistructiott  of  bwome tare,  whatever  miij  be  their  form, 
leit.  It  IB  uec&isarj  tlmt  the  mercury  bd  perfectlj  pure  and  free  from 
oiT<l»  utherwiao  it  adheres  to  the  gtras;  again,  by  impurities,  ita 
den^itj  is  changed,  aad  the  height  of  tbe  oolumn  in  the  barometer  ia 
greater  ur  less  tliaii  it  shoutd  be. 

2d.  U  is  necessary  that  there  be  a  perfect  Tacuum  above  the  surfuce 
fif  the  tnereury  in  the  tube;  for  if  there  be  a  little  air,  or  Tapor,  as  of 
Urnter*  the  elasticity  of  these  Hf'dl  continually  depresa  the  mefcurial 
•ultimo,  preventing  ita  rising  to  the  true  height. 

To  obtain  B  perfect  rs^uam,  a  imM  portiuo  of  pnro  mercur;  is  hoU&i  ta  thtt 
laromt^ter  tube,  and  whta  coated,  anotticr  portioo  iOT 
of  iniereurj  it  added,  uid  agajn  boilod,  md  so  on, 
ftatil  lb«  tube  in  full ;  by  this  mcaot  ibo  air  asd 
vrhieb  adbored  tu  the  waXls  of  tliti  tube  fire 
UriTttn  out  «ot»pkU»l7.  The  boiling  wiiit  oat  ba  too 
Imf  continued,  otfa^nriM  a  portion  of  aayd  will 
\c  Jbmed,  which  will  dusolTe  in  the  mcrcarj  und 
alter  It*  denticy.  Tba  tiib«  being  tll^d,  we  invL^rt 
St  in  a  vwhI  of  pure  ti)«r«ury.  In  order  to  determine 
wlieUier  Ui«r«  ia  not  some  air  or  tDois^tnro  in  tio 
tabc^  *e  in-line  the  tube  quickly  |  if  Ibe  mercury 
j^TW  a  dry  melalltc  Aonnd  wben  dtrikm^  the  tum- 
mU  oftlMi  tol»©,  it  ii  A  proof  of  ihnr  tibsietiw^  wb3e, 
if  they  be  present,  the  lound  ia  deailcned, 

'S&i*  Apparatott  lllas trail the  princi- 
ple of  Uie  barometer. — By  tiicuue  of  the  atr^ 
pQinpt  nod  the  apparatus  fig,  20T,  the  princi- 
ple of  the  barc^meter  ia  beautifully  shown. 

Th«  apparatus  eoiubta  of  a  large  be11-f  l&«f ,  E, 
Irilh  tiro  ijpbon  barometer  tabe«  attaebed,  Oi)&  of 
them.  B,  ha*  its  ciitern  witbin  ihe  bt^lb  The  oiber 
l.ifMiT),  t.  r.  whciivfl  i;ist«rn  U  wiihout  (be  b«ll,  cons* 
with  itf  'mU-Tior  by  the  etirvcd  tube  /f", 
.ipparatui  ii  plafC'd  on  lb&  air-pump,  and 
K«baii«t«Mi  <>(  air,  the  nicriitiry  in  B  falls  in  pnjportion  to  the  vaouam  prodneod, 
liMi  in  tbo  tube  C  i,  ifi  tho  fame  proportiua.  In  B  we  lec  tbe  effort  of  dimin- 
prc««are,  bji  on  a  inoiintain  or  in  a  balloon ;  in  C  the  pns«tnrc  of  tht>  exterODl 
air  cadHHCt  lite  meroury  in  it  tu  rite,  forming  a  ^U|^  of  tb^  exbanftion.  When 
tlt«  ale  U  i,ltow<id  to  CAter,  the  nionniTy  in  tbo  tubef  rcsninei  ita  former  poiition. 
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265-  Height  of  the  barometric  oolumn  at  aiflerent  elevatiooa. 
— TJiD  futiowhig  tttble  gh'ps  u  com  pa  ni  live  view  of  tlit*  (Ruglit  of  mer- 
eurj-  Id  ihe  bamiueter  at  dilTeront  clevutmiia  above  the  sen. 


At  tlie  luvel  nt  timsea,  the  mercury  atatids 
5,000  fuet  alm-cs  " 


30 

24-773 


mchcs. 


200 


10,000   "    [height  of  Mt.  Mta%] 
15,000        [height  of  Mt.  Blaac] 
3  miloa 

6        [above  the  top  of  the  loftiest  mountain, J  8'^2S 

15  "  1448 
2G(>.  Cistern  barometer. — T ho  ciftlern  baTometer  ia 
the  most  uiuiple  form  uf  thi^  useful  instrument.  It  con^ 
ai.^ta  of  a  Torricelli'a  tube  of  gtaspi,  filled  with  mcrcurjr 
nud  plunged  into  a.  iiessel  contaiumg  Llie  same  metal ; 
this  voasel  or  cistern  ia  of  rarigua  forms. 

TImt  it  ta*y  be  tranFportcd  eRnily,  the  eistcru  ia  divided  into 
t#o  OdtdpaTlinoDts,  m,  ;  th«  upprr  diTition  u  ccmcQtcd 

ttt  the  tube,  fitimuiuulcBiiug  wilh  the  fttaioa|»Uer«  by  the  tmidi 
bole  a.  The  two  eoropartiaents  are  nniied  by  thii  n»tTuw  npck 
into  vrhic:!)  ihij  lower  purt  «f  the  baronioter  tab«  cntcrnif  fitting 
oli^sul/,  although  nni  toui-biug  the  vrulls;  leaving  only  id  small 
i  ipncc,  lb  At  capillimEj  wiU  nai  aUijw  the  m^rcary  to  etc«p« 
tt<tm  the  !tjw?r  eatiiimTtaiont  when  we  inelInD  the  baroni«t«r.  So 
that  in  whfllever  pu^itioD  jplne^  H,  aa  nir  cnu  enter  the  lower 
end  t»f  tlio  tube. 

This  biLfometer  i#  Bltraji  fispd  on  a  irooden  aupport,  at  the 
tipper  pnrt  of  which  ta  ■  graduat<Hi  ledo,  whu«e  ««ro  it  the  terel 
(vf  tbo  laoreurj  in  tbo  ciAicfrti,    The  •li'fling  tcftle  I  itidientca  the 
IvTol  of  lbt»  luisrcury  iti  the  tnb^.  There  Is  attached 
to  bnfomet^ra  alio  a  alidcr^  maving  bj  the  hand 
npun  which  ia  a  vvrhi?/',  by  means  of  wbieh  wo 
eaa  dislint^iiisb  vtry  fmall  r»rhitioti&.    But  the 
lerel  of  th&  mcrvurj  iu  tbq  cialern  T»rie»  as  tba 
Qolurao  of  mcTvury  in  the  tuhn  asmn^t  or  do- 
seitnd^,  for  then  a  eertflin  (luimlitj  of  uiereury 
piuaoa  from  the  cistern  into  tbo  tilbo.  or  the  re- 
VQTais,  »o  thftt  the  tero  (the  levvl)  cU»ngi(ig  the 
grAdtmtion  oa  the  scaIo,  do«f  not  inUjuale  the 
tnt«  height  of  tho  bsronettfr. 

Fortitt'a  barometer.— Thi«  error  U 
avnitled  in  the  barometer  of  Fartin,  fig. 
211,  hj  meima  of  a  cistern  of  peculiar  coti> 
etructiun,  shown  in  dj^.  209. 
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The  lower  part  is  «r  deer-Bkln,  ind  )«  derated  ar  dcpru? sed  by  Jjj«a.u»  v(  the 
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9€rtn,  C,  lu-efiiifix:  Lbe  p'Utfl  D  B.  At  ttie  upper  wall  of  ibo  cistern  is  fixed  ft 
«ttAU  I  '  '  ■  '  A,  wbti«n  poiut  ccnTOftp&siidB  t»Xiiotljr  the  tero  of  Lbc  seals, 
grktu..  At,  oocli  i}b»ervatii^t>  wUti  tliis  inAtramost,  ciin  ia  iukva 

l-i^  muk.   nf  tho  tdcfcurjf  tu  ibo  eisiwrn,  carrflffpotid  nith  ^12 

tbit  p-tmi,  •hicli  b  •c«t>mplislicd  hj  turning  Ihe  screw  up  or 

reMiV#.— Ttt  secure  greftt  accnraey  in  measuring 
b^ght  uf  lha  meTeatiil  coLumn,  tb«  Itarotuotur  is 
fmrNt*lHiil  Ktili  a  Tcrnu^r,  H  C,  fig.  210.  Ten  4iruH<in4 
«8  tlM  wrnivr  carrcupond  wkli  nioe  diTlsioTin  of  tbo 

Mmd  bj  n  ruck  Kfid  pimoo  utilil  ita 
cAlrcmity  eormpttuda  very 
ly^  with  the  furfacc  of  th*- 
try  la  ttie  tuiroioeter  tahc.  I  rj 
flfiu*  Uie  nwreuriiil  column  ii- 
to  tt&od  «  l(t»J*  *Twjro  tbe  ilivi- 
nia.rke4  ttO,  Cmtntuig  upwnnJ 
Me  tli&l,  tti«  lervntb  divUiun  of 
[jttifl  t«mivr  it  •xiK-tljr  o]»puiLt«  one 
hbi  eb«  •l^rUitiQ*  ua  (L«  grfMloated 
[•r«J«,  TliiJ  giTH  lb«  atnnJl  portion 
^of  tbe  enlutnn  ihbaire  7f^0  tii|iiftl  to 
•  '  'i,*  of  *  diviftiJO  of  th« 

>  <  lio  h«ight  O'f  iLc  column 

Tbb  fcirm  uf  bmromc>tcr  bA«  been 
'ftitopted  bj  tbe  Suiftbeuiiitii]  lu^li- 
iutioit»  ftud  li  made  by  Mr.  Gret-n. 
♦f  V. 

207 >  The  syphon  baio 
>t#r,  invented  hy  Gaj  Lus- 
V  eofi^bU  of  two  tub«>a,  fig« 
rSt2,  of  ihe  same  internal  diiuen- 
•ions,  united  bj  a  verj  capil* 
I1J7  neck,  both  eloud  at  their 
apper  oxtremitiee,  Ihe  air  entcr^ 
ing  the  cUtcrn  through  a  small 
li(>]«  al  C.  Tl;«  Urge  iahea  being 
of  the  pani«  interiur  litu meter, 
lite  capUlAfj  ncUab  is  mutually  dci^ti-oyetl^  The  cApiltarj  tul^e  is  made 
M)  iXtit  when  wtr  tiirti  the  instrument  over,  it  remains  full, 
of  it*  eiifjillarlij.  Far  meiisuring  the  hei^iit  of  the  niercnry, 
«  two  Wales,  K  and  D,  grftduiited  id  different  directi<mH,  having 
Iheif  eomnioQ  leru  at  O,  an  a  line  intcrmciUato  between  the  two  tner- 
eunftl  turrticpA;  m  ihut  bj  adding  the  indications  of  these  two  wcules^ 
W9  b&T4  the  diOerem^Q  in  the  level  of  Iho  mercurj  tn  the  two  tube!!. 
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But  ■  qqi<?k  tnoTcmMit,  tr^nsiiortBtioii  in  ■  o«rriiiigo  or  on  boraeWk,  1x1117 
divide  tlie  inoreurial  eoluuiti  in  lbs  cmpillmry  tabe,  mad  thus  allow  the  air  to 
iulo  l;b«  long  arra,  wlienbj  the  acciir»ej  «r  tb«  imtnimcBt  would  li«  dettrujrvHl. 

lb  i^rder  to  obriato  thii  iuconvcDicDe^,  M.  Bunim 
ha*  modlfiiid  the  iuyti-mnietit  as  fi'preaeKtcd  Id  fig.  213. 
TU<!  long  ariu  A  drairn  out  lu  a  potot^  enteri  into  tmd 
U  eoldered  to  a  tArgi^r  tul>e,  K,  Trhich  i«  ftttiioh«d  to 
t1i«  @at*U)i^y  ttibe.  Witli  tliia  Arnngemeiit,  abOQld 
bubb)«i  of  air  «voti  pftsa  tbrop^b  tbo  c«pill*iT  tubcj 
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tfacrf  o»iinot  cuter  the  long  arm,  bul  are 
retainod  tn  tka  top  of  K,  Theae  babbles 
of  air  haTe  dp  ieiflufsnce  on  tb©  cib»«nra- 
tidtkft,  amd  mnf  ho  driren  out  by  dimplj 
beaKutg  the  tube, 

268,  Wheel    barometet.— Tho 
wheel  baromet^!?  is  an  inatruinont 
ot  m  ftcientljic  value,  but  baa  a  cer^ 
tnin  populur  bier^at  as  it  purports 
to  declare  the  state  of  the  weather. 
The  ftpparatua  conakts,  figs.  214  and 
2 1 5 ,  or  a  rj  I  a1  pkte  attached 
U>  &  sjphon  Ijaroroeter  har- 
jn^  a  am  all  cylintlrTcal  cib- 
tem,  upi>ft  vi  hyae  surfaco 
rests  a  float;   this  is  at^ 
tached  to  a  fit  Ik  string, 
\rhioh  wiuds  around  a  pul> 
lejt  0,  and  is  terittinated 
by  the  counterpoise  P  ;  the 
aziB  of  the  pulley  carries 
0.  needle,  trhich  rests  upon 
the  face  of  the  dial  plate. 
When  the  pressure  of  the  atmosphere  changes,  the  column  rises  op  tmXU 
m  the  lube  accordingly,  and  carries  along  with  It  the  floaL  The  pulley 
tara9  mad  moves  the  needle  to  the  words  rain — fair — changeable, 
which  are  designed  to  correspond  to  certain  heights  of  the  mercurial 
column. 

269.  Cansea  of  error.— In  order  to  obtain  the  true  hetght  of  the 
mercury  in  a  barometer,  we  must,  af^er  making  the  observation,  deter- 
mine by  calculation  tho  vrror  caused  by  eapiUurif^,  and  by  the  Ttuinttoni 
of  density,  caused  by  changes  of  temperature, 

Goxrection  for  caplUaxtty. — When  the  barometer  tu>>e  is  of  c^p'yh 
lary  diameter,  the  surface  of  the  mercury  in  it  becomes  izonrex  (2dS) 
and  the  depression  is  greater  by  as  much  as  the  tube  is  tnoro  uapillary* 
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AMHMing  eiTQn  H  18  neisesmrj  to  kaow  tbe  diameter  of  the 
tiibft,  and  ttifti  liy  me^ins  of  the  table  (238),  us  certain  tbe  depression, 
wlii^rh  nturtt  nlwiivs  be  added  to  th^  observed  heJglit. 

Coirection  for  temperatof^,^ — la  lUl  mercurial  baronicierB,  wo 
niia»t  have  regard  to  tlie  temperature,  fir  as  heat  eipantis  mercury,  It 
dimioliihes  its  densitj,  and  in  consequeDce,  umler  the  Kittne  ahtiuapberte 
p7e««tir«  the  mercurj  would  rUc  as  much  higher  as  the  teinperat^ire  WnH 
mora  ©leratcd,.  Consoquontlj  barometric  obacrvationa  uanuot  be  coiti- 
pwtd,  uTileHid  they  were  ttikcQ  at  tbe  same  temperature,  or  tire  brought 
bjr  CAluulatiuQ  tc}  the  stune  standard* 

At  it  U  etiitrel;  ftrbilmrj  wh*t  lempcrature  ihiUl  be  diosicu;  lUaL  oT  meliin 
lea  hm»  p9o«iTmiif  in^a  trnkcD.    A  tAbJo  ihowiog  tho  expaoaion  and  contrMtjon 
isercurj  ftt  Jiffproot  tempt ratnrvv        be  fiviind  in  tho  cHinpter  upon  heM, 
•  »«tAllio  ikud  ajiertiiU  biirometcrs  b&ve  lilrcMtljr  bet'u  <i«a<.'nbcil  104). 

270,  Variatioas  of  tlid  bardmetnc  h^ighL — When  we  obsorps  a 
fotaeter  during  many  days,  we  notice  that  not  only  does  its  height 
-y  Crym  day  to  day,  but  also  in  tbe  same  day.    The  amount  of  thei# 
iatlone  increajses  from  the  equator  towards  tbe  poles.   The  gretiie^t 
rifttlous  (excepting  axtrAordinary  cafles)  are  6  m.  m.  ('23G2  In,)  at 
e  equator;  30  m.  tn.  (I'lSl  IB.)  at  the  tropin  of  ijancet;  40  m.m. 
1'5T43  in.)  in  France,  and  m  m.m.  (2*3622  in,)  25^  from  the  p^d<*-. 
h4}  greatest  Tariiitiona  tJi<ke  place  in  winter. 

ttXm  from  hmt  to  hour.  Rimond  hm  ftmnd  list'  bcigbt  of  tlio  bBrumelcr  at 
utMtti  to  be  tba  mewQ  of  ibo  dmy,    Tk*  31 Q 

•>nf4  MWHtA/y  hri*jki  U  the  bverih|^  of  tbe 
Qiirtj  mean  Asxily  bcigbis  of  a  tnantb. 
ri4  MM**  aHi'utiJf  huHjht  it  the  arermev  of 
Ibo  (hroo  bandrod  «tid  iLxtj-iSTo  menn 
•riailjr  ifligbU  of  •  je«r« 

At  ib«  e<|a*t«ir  tbe  ucmi  B-nDual  beifht 
T£g  m.  «.  C29'M2  ill.}  Ii  iaerevei, 
be  from  the  e<|u»(f»r,  uid  ^tuifii  itj 
tevm  of  TCU  m.  (.10  04  in.)  betw««a 
1«iitiid«9  of  .'SU"  »n«J  40^ ;  it  docrcfhft«t 
jmuiti  cleriLtitd  lalilutlc*.  Tlia  mcu 
««lblj  beigbt  ii  icr«jit«rtQ  wUiicr  thuu  is 
niiiOTt  Wtiiw*  Qf  tbe  c<Miling,  imfl  cottio- 
InefMMH]  dofiaitjuf  lha  iitui09fibcr«L 
Tin  ita)*,  fl((.  2 to.  ibows  ibu  bKrumMrie 
Vftrf»ti<»ia«  ti'f  th«  dilfprcQi  nintithju  Eqiitl 
4l«iiUte<Mi,  UKan  u>o  tb»  Uifier  b<>rtiii(]fi  i»l  j.  /,  m.  m.  m.  j,  /  a.  •.  o.  «.  rf. 
tia«,  j — 4^  fg|tr«*Mat  th«  durHtijOO  of  the  dttfercnt  monib*.  And  the  curved.  Ilnri  nt 
tbtt  «<rtBia«iteeia«ttl  of  cub  interriJ,  th*  mufin  bartunetrk  bei^hN  corr¥<r|Htndb>g 
^  lb*  0iiM«ttiT«  monttii.  IVi  har^  then  cumsa^  whoae  iuflciion*  maka  kuowH' 
Ui«  raiiativiii  of  tb«  iti«ii«  from  oa«  mvnib  aaotlier.  Tbs  four  curved  rcpr  :- 
21 


214 


TUE  THREE  STATES  OF  MATTER. 


•ent  the  monthly  means  as  obserred  at  Calcutta,  C,  at  HaTana,  H;  Paru,  P, 
and  at  St.  Petersburg,  S.  P.  The  differences  of  the  curves  represent,  with 
great  distinctness,  the  differences  of  the  moan  barometric  heights.  Calcutta 
and  Ilarana,  on  the  some  latitude,  hare,  it  will  bo  seen,  very  different  monthly 
moans. 

Variationa  observed  in  Barometera  are  of  two  kinds, 
let.  Accidental  mriations,  which  do  not  offer  any  regaloritj  in  their 
moTements,  and  which  depend  on  seasons,  the  direction  of  the  wind, 
and  geographical  position. 

2d.  Diurnal  variations. — It  was  about  the  year  1722,  that  the  hourly 
yariations  of  the  barometer  were  proved  to  take  place  in  a  regular 
manner.  From  that  time,  many  observers  have  labored  to  determine 
the  extent  and  the  periods  for  the  different  parts  of  the  earth.  Alex. 
Von  Humboldt,  with  others,  has  demonstrated  by  a  long  series  of  very 
accurate  observations  at  the  equator,  that  the  maximum  of  height  cor- 
responds to  9  o'clock  in  the  morning ;  the  barometer  then  falls  to  its 
minimum  at  four,  or  half  past  four  o'clock  in  the  afternoon;  it  then 
rises,  atUiining  a  second  maximum  about  ten  o'clock  at  night.  These 
movements  are  so  regular,  they  almost  serve  to  mark  the  hours  like  a 
clock,  but  they  are  very  small.  M.  Humboldt  found  that  the  distance 
between  the  highest  point  in  the  morning,  and  the  lowest  point  in  the 
afternoon,  was  but  two  m.  m.  In  the  temperate  zones,  these  diurnal 
variations  also  take  place,  but  are  very  difficult  to  ascertain,  because 
of  the  accidental  variations,  so  that  it  requires  extended  and  very  accu- 
rate observations  in  order  to  determine  them.  The  hours  of  the  maxi- 
mum and  minimum  of  the  diurnal  variations,  appear  to  be  nearly  the 
same  in  all  climates,  varying  a  little  with  the  season.  Thus,  in  winter 
(in  France),  the  maximum  is  at  nine  o'clock  in  the  morning,  the  mini- 
mum at  three  o'clock  in  the  afternoon,  and  the  second  maximum  at 
nine  o'clock  in  the  evening.  In  summer,  the  maximum  takes  place 
before  eight  o'clock  in  the  morning,  the  minimum  at  four  o'clock  in 
the  afternoon,  and  the  second  maximum  at  eight  o'clock  at  night.  In 
spring  and  in  autumn,  the  critical  hours  are  intermediate. 

271.  Relation  between  barometric  changes  and  the  weather. 

— Those  variations  of  the  barometer  which  are  not  periodic,  are  gene- 
rally supposed  to  bo  indications  of  changes  in  the  weather.  For  it  has 
been  noticed  that  those  days  in  which  the  column  of  mercury  was 
29*72  inches  in  height,  there  was  very  changeable  weather ;  that  in  a 
majority  of  those  days  when  the  mercury  rose  above  this  point,  there 
was  fine  weather  ;  when  it  fell  below  this  point,  stormy  weather,  snow, 
or  rain,  prevailed.  It  is  from  these  coincidences  between  the  height 
of  the  barometer  and  the  state  of  the  weather,  that  there  is  marked  on 
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the  seale  or  dial  plate  of  barometers,  at  certain  heights,  the  words 
itormy,  rain  or  snow,  variable,  fine  weather,  &o.,  and  it  is  supposed 
that  when  the  mercury  stands  at  the  height  indicated  resp^tively  by 
these  words,  we  should  hare  corresponding  weather.  Now,  although 
this  may  be  true  to  a  certain  extent,  yet  a  little  reflection  will  show  the 
fallacy  of  such  indications.  The  height  of  the  mercurial  column  varied 
with  the  position  of  the  barometer,  and  consequently  two  barometers, 
in  different  places,  not  upon  the  same  level,  would  indicate  different 
coming  changes.  The  changes  of  weather  are  indicated  in  the  barome- 
ter, not  by  the  actual  height  of  the  mercurial  column,  but  by  its 
changes  of  height 

Roles  by  which  coining  changes  are  indicated. — The  follow- 
ing rules  may,  to  some  extent,  be  relied  upon,  but,  for  reasons  already 
stated,  must  be  taken  with  a  considerable  degree  of  allowance. 

1.  The  sudden  fall  of  the  mercury  is  usually  followed  by  high  winds 
and  storms. 

2.  The  rising  of  the  mercury  indicates  generally  the  approach  of 
iair  weather ;  the  falling  of  it  shows  the  approach  of  foul  weather. 

3.  In  sultry  weather,  the  falling  of  the  mercury  indicates  coming 
thunder.  In  winter,  the  rise  of  the  mercury  indicates  frost.  In  frosty 
weather,  its  fall  indicates  thaw,  and  its  rise  indicates  snow. 

4.  Whatever  change  of  weather  follows  a  sudden  change  in  the 
barometer,  may  be  expected  to  last  but  a  sliort  time. 

5.  When  the  barometer  alters  slowly,  a  long  continuation  of  fiml 
weather  will  succeed  if  the  column  fulls,  or  of  fair  weather  if  the 
column  rises. 

6.  A  fluctuating  and  unsettled  state  in  the  mercurial  column,  indi- 
cates changeable  weather. 

272.  Measure  of  heights  by  the  barometer. — Since  the  level  of 
the  mercury  in  the  barometer  falls,  as  we  ascend  above  the  earth,  we 
see  that  it  is  possible  to  determine  by  barometric  observations,  the  ele- 
vation of  a  mountain,  or  of  any  other  place  above  or  below  the  level 
of  the  sea.  If  the  atmosphere  hod  a  uniform  density,  we  could  ascer- 
tain, by  a  very  simple  calculation,  the  height  to  which  the  barometer 
was  raised,  from  the  amount  of  the  fall  of  the  mercurial  column  ;  for, 
mercury  being  10,460  times  heavier  than  air,  a  fall  of  one  m.  m. 
(  03937  in.)  of  the  barometric  column,  would  indicate  that  the  column 
of  air  had  diminished  10,466  m.  m.  (412  054  in.),  and  therefore  the 
height  measured  would  be  10,466  ni.  m.  But  as  the  atmospheric 
pressure  diminishes  very  rapidly  as  we  ascend,  such  calculations  are 
of  no  value  except  for  small  elevations,  and  it  is  necessary  to  deter- 
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mine  the  rate  of  diminution  in  density  of  the  air,  in  proportion  as  it  is 
further  removed  from  the  earth.  Tables  hare  also  been  constmcted  by 
which  we  can  easily  calculate  the  level  between  any  two  places,  when 
we  know  the  height  of  the  barometer,  and  the  temperature  of  the 
atmosphere.* 

The  altitude  of  any  place  above  the  level  of  the  sea  may  also  be  cal- 
culated  by  the  following  formula,  given  by  Prof.  Guyot,  in  the  tables 
referred  to  below : — 

If  wo  call 

h  =3  tbo  obsorved  height  of  the  barometer,  | 

T  =5  the  temperature  of  the  barometer,       V  at  the  lower  station. 

(  =  the  temperature  of  the  air,  j 

k'  =  the  observed  height  of  the  barometer,  I 

7*  =  the  temperature  of  the  barometer,      >  at  the  upper  station. 

t'  =  the  temperature  of  the  air,  j 

If  we  make,  further, 

Z  =  the  difference  of  lerel  between  the  two  barometers ; 
L  =  the  mean  latitude  between  the  two  stations ; 

II  =s  the  height  of  the  barometer  at  the  upper  station  reduced  to  the  temper»> 
ture  of  the  barometer  at  the  lower  station ;  or, 
//=  A'  ^  1  -f-  0-00008967  {T T)  \  ; 

The  expansion  of  the  mercurial  column,  measured  by  a  brass  scale,  for  1*> 
Fahrenheit  =  0-00008967 ; 

Tbo  incrcaae  of  gravity  from  the  equator  to  the  poles  0*00520048,  or 
0  00260  to  the  45th  degree  of  latitude ; 

The  earth's  mean  radius  =  20-886,860  English  feet  ; 

Then  Laplace's  formula^  reduced  to  English  measures,  reads  as  follows : — 


h 

Z  =  log.      X  60158-6  Eng.  feet. 


/      I  _j_  r'  _  64  i 

('+——)• 

^1  -I-  0.00260  cos.  2  Z, 

/  «  4-  52252  h 
(1  + 


20886860     '  10443430 


c,  in  this  formula,  is  the  approximate  value  of  Z,  as  giren  by  that  part  of  iho 
r>rmula  preceding  the  parenthesis  in  which  z  is  introduced. 

Heights  may  be  calculated  by  the  above  formula,  but  the  calculation  is  mach 
fi<cilitatcd  by  the  use  of  the  Smithsonian  Tables. 

273.  Balloons. — Bodies  in  air  (like  solids  plunged  in  liquids)  lose 
a  part  of  their  weight,  equal  to  the  weight  of  the  air  displaced.  From 
this  it  follows,  that  if  a  body  weighs  less  than  an  equal  volume  of  air 
it  will  rise  in  the  atmosphere  until  it  meets  with  air  of  its  own  density: 
lunicc,  heated  air,  smoke,  &c.,  rise,  because  they  are  less  dense  than 
c<»ld  air. 

Dr.  Black,  of  Edinburgh,  announced  in  1767,  that  a  light  vessel  filled  with 


*  Guyot's  Meteorological  and  Physical  Tables,  Smithsonian  Collections. 
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wtnilil  ri»o  itt  tUe  »ir^  Md  C»vallo,  Is  1T62,  eo'ininuaicaiUMl  ta  tbe 
I^ACiO'l^r  in  Limtlun  tbet  fumtf  ihut  ei]M.p~bubbU)s,  fille<t  irkb  hjdrofen^  would 
in  ll)u  MluioapLiTC.    The  brotbora  MoutgulMcr,  in  Snt  ooD4truL*(i.'d 

WtliMitM^  Tl»ue«  i>o»pi"t<.Hl  of  gtubD«  of  pUttEi,  linnd  vthin  fmpet.  Tbo  quo  that 
tbfljf  fllf<it  f<xhibit««(  pitblkl^f,  wtw  ft  gloLo  sLuut  thirty  feet  in  diurocttTt  open  lit 
itli«  I  1  whk'b  WAA  lyloi-M  a  ^r<h    TUiSt  oxpAUtlki^  tbe  air  wilbm 

tktt  ,  r        ilet)nil^%  a.rjid  ihv  biLllcii]!!  roao  tu  a  bt-%bl  uf  iicuriy  a 

u  I-.*,,  •  .1.1   -Hi*  arc,  thtsrcfurL*  (iti  nlju^tiuu  to  tbeir  iiivcniwrs),  u^attHj 
3luut;d;t>lJEicr6.  Bolkxma  lillt^i  witl*  l*y*lrf»gvn  were  first  intradfietKl  by  Mr. 
\>     I     I.  •i.tr  of  j*bjr«tc>  iti  PariBi  m  17^2;  atul  iti  NaveiubtJir  of  ibtj  eaDi« 
y«»r,  Roaicr  wu4e  tbc  fipst  vojaiff!,  in  n  bulluuci  fiUetl  wUb  but 

J      ^      .  -iuii  toifk  pl*cp  frnm  Bon]og:nc,   i^utm  n/tcr,  Mcitsre.  Charlca  luid 
Itabotl,  Jii  lb«  gurden  uf  the  Tutllvrivji,  rv'ptintttd  Uiti  amov  i»x]>orimeDt  lu  n  W- 
tilkd  wUii  bydruj^uD  j^Oji.    At  tii'm  epocii*  ai^iiiil  voyag^'i  multiplkd,  la 
y,  ir^t,  isevvn  pvriic»n«  Tnt^  fritm  Lvous,  thrtu  from  Mihiti,  Jte, ;  lUid  Eai>n, 
ilitkriloil  *vta  the  pnhlin  wUh  thU  itietbud  uf  uav  i;;^aLjii^j  Uwil  it  not 
mnua  fi^r  to  Mct'ud  in  u  ballociii  «hir*b  waa  ruBmiriod  fr<<^tu  goiuji; 

Mm  Ikf  bjr  iDcKrif  of  •  ^jgrd  ;  wben  ihv  lulvL'ttturcra  huii  sttntned  accrlalu  htjigbt^ 
(U»«  b«)tooa  «««  dmitii  down  bjr  rnvftnt  af  tU(»  cord,  and  otlior  rojmgcrei  toak 

iiiiy  LmwftOv  September  l(t,  ISO'i,  Riailo  An  luccnt  rcmarltRbloi  fur  ika  facia 
vitti  wbicb  it  etiritrlied  sitioQco.  iktid  for  iht>  hmffht  wbk'h  wu  uttaincd,  n&iDtilf 
ii  T..  Trjt,  cr  aWui  SS^OIU  font*   In  tboao  cloTiit«d  m^gioaf,  Gay  Lu6?ae  found 
r.  KXid  the  circutii.tkin  of  Ibe  t>h>oil  mui-ii  acti«lL<riit4Ml,  beciLiise  of  tlio 
f  ,  -11  o(  tbe  Mm^iphvre;  his  bcnrt  mnkiug  120  iJutaHlUmji  in  n  mintttei 

wImI#  titf  iriu  iU  D{»nn«I  riLic,  llts  aU^t  v<p|kcUvi  there  apcciinotiri  ot  nlf  for 
ttb*Btt(^«I  ^!^  aad  dvteroiitifd  lbs  cold  of  spaco. 

CoiutractiOD  and    fill-  217 

i 

Lng  of  ballooiMt^-^ieueruUj 
thy  Luli'Jtjn  is  pettT'fltiiipeii. 
1(  is  jnaile  ofa  niiLtenal  impei^ 
vicHtB  lo  lijJrogoa  ga«,  often 
of  elrip*  iif  taffeta  sewed  ti^ 

varnUbf  coDiposed  of  linaeed 
oil  kikI  dwititehouc,  Jii^salved 
to  ctaepoe  ot  lurji^Dttti^,  or 
of  ft  tiMtte  furm&ii  yf  a  ln\or 
•f  eaoQtchoiie  inierfMtsc*!  be- 
tirecti  imo  l«yer«  of  taffeta, 
«hd  culled  mmkintoMh, 

To  Btl  tbv  WllnoTT,  K  ZIT. 
'  Au  afMrrlUfi  at  (tii  lunrcr  fiut  li  |iU««d  tn  ComEtiUhkuLion,  by  Jji«msii  of  4  tube, 
[*r,  *ah  jrcnerating^  hydrogen  (from  (h<*  action  of  dilute  ■nlphnrio 

i).    Wbdin  the  li-ttll'tuti  tjj  (sufEcic^utiy  ftllcd,  the  npurture  Sx  c1o^0d, 
t>7  mcxn *  uf  «  ttH-wi>rk  uf  tuycn  uoveriu)^  Ibe  wbnlc  ttiipdrALu.s  a 
of  »ir:keT*wofb,  far  Uio  reec|>iii>n  of  the  aerouuiiU.  Ug.  21jis.    At  tbo 
*FP^  P*Tt  of  tbt  bBHoon  it  «  vklr^^  w bU<h  tb»  ma»tt£i>r  uhx  f>|>ea  or  «byt  At 
2!  • 
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filoiiffQT*  Tjj  means  ofa  eofd.  As  Ulominfttiaf  ipu  cftR  ninally  bo  procured  mon 
oafltlj  tbau  hjdfoj^en,  it  b  fmt«ontI/  Mscdl  bjr  n^rooauU  but  bpttig  »t  kmet : 
titaoB  more  dtst*se  thiin  pure  iiydroj^un,  the  h»Untia  nM^uirt!*  in  l>o  of  «  correepa" 
ifljfljr  larger  8 lie,  la  order  to  ohtbiti  the  *aiu«  Moeaiional  force. 
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The  luuHt  not  bo  completely  filled,  fur  the  nhnot^pliorb  p 

»ure  diminishing  upward:!,  the  gas  in  tlic  iDtcrior  will  expand  in  a  Ilk 
mtio,  anil  tend  to  burst  th&  balloon,  A  uumber  of  fatal  nccidenU  hfkv 
taken  pliitie  from  this  cause. 

WUl'H  the  ailrunaut  wishes  to  desneiid,  he  pulls  the  curd  Mrbich  opco 
the  vivlve  in  tbe  upper  part  of  the  balloon,  and  thus  the  hydfog^ 
c-wftpea,  and  (he  balloon  comes  down.    If  he  wishes  to  tt^ccnd,  b« 
throws  out  biigH  of  sand  which  he  has  taken  up  with  htm,  atid  ttm  boJ- 
hion,  becoming  thus  tighter,  rises  to  a  corresptmdingly  grcntcr  heiglit. 

Pafaolbutti. — ^Ai^ronauta  often  abandon  their  balloonf?,  and  daAO-end 
tu  a  paraehttte.    This  apparntus  is  composed  nf  Mrong  cloth,  nnd  whoa 
extcintJetlj  has  the  Rppcaranco  of  on  umbrella,  fi|^.  21^^,  wilh  this  diflbi 
c;ice,  that  the  whale-lwinea  are  replac<^d  by  eordi*,  puataining  a  wmal] 
bmt,  in  whit!h  the  n'^rotiflut  places  himself.    There  is  a  small  ohimncy, 
or  hole,  in  tho  top  of  the  parachute,  in  order  to  allow  the  air,  which, 
would  aocumulate,  tu  escape  rej^nhirly,  otherwise  it  wouM  e«M;apo  fitfull 
by  thft  mlcn^  throwing  the  apparatua  violently  around,     the  iinuiinen 
pcfil  vflts  ocm\mni8. 

IV.  coiif'«E8!?taiUTy  or  qasks. 
274.  Mauiotte'a  law.^Hoyle  and  Muriotle  iliscovured  tlic  low 
Jlte  c**uvpreAsioii  of  giwcs,  which  la  as  fidhiwn ;  — 


or  OA8E8. 
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At  ike  »ame  temperaiure,  ike  volume  occupied  by  the  same  bulk  of  air, 
it  M  inoerte  ratio  to  the  pressure  which  it  supports.  From  which  it 
fi>Uow8,  that  the  density  and  tension  of  a  gas  are  proportional  to  the 
pressure. 

Let  V  and  represent  the  volume  of  a  gas  at  different  pressures 
Pand  i^,  and  D  and  ly  the  different  densities.  Then 


whence  F  =  F     and  P' 


F' 


whence  IX  =  D-p-  and     =  Pjy. 


Experimental  ▼erlfication  of  Marlotte'a  Law. 

In  order  to  verify  this  law,  the  apparatus  called  Mariotte's  tube  is 
employed.  To  an  upright  support  of  wood  is  attached  a  bent  tube,  fig. 
220,  whose  two  vertical  branches  are  unequal  in  220 
length.  The  longer  limb  is  open  at  the  top,  and  fur- 
nished with  a  scale  which  indi- 
cates heights ;  the  shorter  is  closed 
at  the  top,  and  is  divided  into 
parts  of  equal  capacity.  Mercury 
is  poured  into  the  tube  so  that  the 
level  of  the  liquid  in  the  two 
branches  is  found  on  the  same 
horizontal  line,  la.  The  air  in 
the  shorter  limb  then  occupies  a 
definite  volume,  indicated  by  the 
graduation.  If  more  mercury  is 
added,  until  the  measured  volume 
of  air  is  reduced  one-half,  as  from 
ten  to  five,  occupying  only  the 
space  above  l^y  and  we  now  mea- 
sure the  difference  of  level  between 
the  two  surfaces  of  mercury,  viz. : 
a'  A,  we  shall  find  that  it  is  the 
same  as  the  height  of  the  baro- 
metric column.  That  is,  the  pros- 
sure  of  tlie  column  of  mercury  in 
the  Mariotte's  tube  is  equivalent 
to  one  atmosphere ;  adding  this 
pressure  to  that  which  the  atmo- 
sphere exerts  on  the  mercury,  we 
have  the  air  subjected  to  double  of  its  usual  pressure,  and  it  is,  conse- 
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quently,  reduced  in  yolume  one-half.  If  we  subject  it  to  a  pressure  of 
three  atmospheres  it  will  be  reduced  to  one-third ;  of  four  atmospheres, 
to  one-fourth  of  its  original  bulk,  &c.  Bj  this  law,  at  a  pressure  of  814 
atmospheres  air  would  become  as  dense  as  water. 

The  law  of  Mariotte  may  also  be  verified  for  pressures  less  than  one  atmo- 
sphere, by  Qsing  a  barometer  tube,  about  two-thirds  filled  with  mercury,  and 
inverted  in  the  deep  cistern,  fig.  221,  filled  with  mercury.  Sinking  the  tube  to 
such  a  depth  that  the  level  of  the  mercury  within  and  without  is  the  same ;  the 
contained  air  is  under  the  pressure  of  one  atmosphere,  and  occupies  a  known 
volume.  If  the  tube  is  now  raised  until  by  a  diminution  of  pressure  the  given 
volume  of  air  is  doubled,  it  will  be  found  that  the  length  of  the  mercurial  column 
in  the  tube  is  half  that  in  the  barometer :  that  is,  the  air  under  a  pressure  of  one- 
half  an  atmosphere  has  doubled  its  volume.  The  volume  here,  as  in  the  other 
case,  is  in  inverse  ratio  to  the  pressure. 

275.  Experiments  of  Despretz. — Mariotte's  law  was  generally 
received  as  correct,  until  Despretz,  not  doubting  its  correctness,  so  fiir 
as  air  was  concerned,  undertook  to  test  this  law  in  its  application  to 
other  gases.    For  this  purpose  he  filled  several  tubes  of  the  222 


same  height  with  different  gases,  and  inverted  them  in  a  vessel 
of  mercury,  placing  behind  them  a  graduated  scale,  as  shown 
in  fig.  222.  ThiH  apparatus  was  then  introduced  into  a  glass 
cylinder  filled  with  water,  and  subjected  to  pressure  by  means 
of  a  forcing-pump. 

As  the  pressure  increased,  the  height  of  the  mercury  in  the 
different  tubes  varied,  as  shown  in  the  figure,  and  this  variation 
increased  with  the  pressure.  Carbonic  acid,  sulphuretted  hy- 
drogen, ammonia,  and  cyanogen  were  compressed  more,  and 
hydrogen  less,  than  common  air.  These  experiments,  in  which 
the  probability  of  error  is  extremely  small,  show  that  each  gas 


has  a  special  law  of  compressibility,  differing  more  or  less  from  the  law 
announced  by  Mariotte. 

A  Bcrica  of  very  accurate  experiments,  subsequently  conducted  by  Ponillct, 
by  a  different  method,  confirmed  the  results  of  Decpretz,  who  had  announced 
the  uuc<iual  compressibility  of  diflerent  gases. 

276.  Experiments  of  Regnault.* — Mariotte's  law  has  been  subjected 
to  the  test  of  very  careful  and  repeated  experiments  by  Dulong,  Arago,  and 
others.  But  the  moitt  complete  and  reliable  experiments  arc  those  conducted  by 
Kepfnault. 

KcKnanlt  kept  the  column  of  ga^  upon  which  he  was  experimenting  at  a  uni- 
form temperature  by  a  stream  of  cold  water  flowing  through  a  cylinder  which  sur- 
rounded the  tube  of  conden.>«ed  air  or  other  gas.  The  utmost  precaution  was  taken 
to  remove  every  trace  of  moisture  from  the  gases  employed.  The  temperature 
and  atmospheric  pressure  were  carefully  noted  at  every  experiment,  and  due 


*  M6moires  de  I'Acaddmie  des  Sciences,  Tom.  XXI.,  p.  329. 


OF  OASES. 
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Allowuiee  made  for  their  changes.  The  temperature  of  the  oolamn  of  mcrcary 
caplojed  to  meaaore  the  pressure  was  noted,  and  the  height  of  the  column  oor- 
reetod  aeeordinglj.  Finally  the  condensation  of  the  mercurial  column  due  to 
its  own  weight  was  also  oonsidered,  and  cTery  possible  precaution  was  observed 
to  secure  the  utmost  accuracy  in  the  experiments. 

Reaalts  obtained  by  Regnanlt. 

The  following  table  gires  some  of  the  principal  results  obtained  by  Kcgnault. 
Let  P  represent  the  pressure,  when  any  gas  occupies  a  volume  V,  and  P'  the 
pressure  when  the  volume  of  the  same  gas  is  V.  If  Mariotte's  law  were  strictly 

PV 

correet,  we  should  have  PF equal  to  P'  F*,  or  — —  ought  to  be  equal  to  unity. 


Air. 

Kitrogen.        |     Cerbonie  Add. 

Hydrogen. 

P 

PV 
P'Y* 

P 

>    ^    \  P 
P'V  1 

PV 
P'V 

p 

PV 

738-72 
4209-48 
8177  48 
933641 

1 

1-001414 
1-002765 
1003253 
1-00636A 

m.  m. 

753-46 
4953-92 
8628-54 
10981-42 

1-000088 
1  002952 
1  004768 
1-006456 

m.m. 

76403 
3186-13 
9361-72 
9619-97 

1  007597 
1-028698 
1-045626 
1-155865 

m.  m.  1 
u  u 
2211  18  0-998584 
2845-18  0-996121 
9176*50  0-992933 
1 

We  here  see  that  in  the  four  gues  examined,  the  ratio   was  found  very 

P'  P 

nearly  equal  to  unity,  showing  that  though  Mariotte's  law  is  not  absolutely  true, 
it  is  sufficiently  accurate  for  most  purposes. 

In  the  ease  of  air,  nitrogen,  and  carbonic  acid,  the  comprosflibility  augments 
more  rapidly  than  the  increase  of  pressure,  while  in  the  case  of  hydrogen  the 
compressibility  diminishes.  It  has  also  beeu  ascertained  that  the  rate  of  com- 
pressibility for  any  gas  varies  with  the  temperature.  For  example,  carbonic 
acid  at  212°  F.  agrees  almost  exactly  with  Mariotte's  law. 

277.  Oeneral  conclaBlons  on  the  compressibility  of  gases. — 
From  a  careful  consideration  of  all  the  experiments  upon  the  conden- 
sation of  gases,  it  seems  reasonable  to  conclude  that: — 

Ist.  There  is  some  temperature,  differing  for  different  gases,  at  which 
the  compressibility  of  gases  corresponds  with  Mariotte's  law.  That  at 
higher  temperatures  the  compressibility  diminishes,  and  at  lower  tem- 
peratures the  compressibility  increases. 

2d.  Almost  all  gases,  by  a  certain  amount  of  pressure,  are  liquefied, 
and  it  is  fuand  that  their  compressibility  increases  very  rapidly  near  the 
point  of  liquefaction. 

Although  these  conclusions  arc  based  upon  the  analogies  of  science, 
and  apparently  indicated  by  experiments,  yet  further  observations  are 
required  for  their  confirmation. 
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y.  INSTRCTMENTS  DXPSNDINO  ON  THE  PROPKRTIIS  OF  OASES. 

278.  Manometen. — Manometors  are  instrumeDts  designed  to  mea- 
sure the  tension  of  gases  or  vapors  above  the  atmospheric 
pressure.  The  unit  of  measurement  which  has  been  chosen 
for  these  instruments  is  the  pressure  of  the  atmosphere, 
which,  at  the  level  of  the  sea,  is  (261)  equal  to  about  15  lbs. 
to  the  square  inch,  and  therefore  a  pressure  of  two  or  of  three 
atmospheres  signifies  a  pressure  of  30  lbs.  or  of  45  lbs. 
Manometers  are  of  very  various  construction,  two  of  which 
will  be  mentioned,  namely : — 

279.  1st.  Manometer  with  free  air. — This  consists  of 
a  glass  tube,  B  D,  fig.  223,  open  at  both  ends,  placed  in  a 
cistern  of  mercury,  to  which  it  is  cemented.  The  cistern  is 
connected  with  an  iron  tube  AG.  By  this  tube  the  pressure 
of  the  fluid  is  transmitted  to  the  mercury.  The  gases  whose 
tension  we  wish  to  find,  being  often  of  a  temperature  suffi- 
ciently high  to  melt  the  cement  attached  to  the  apparatus, 
the  tube  A  C  is  filled  with  water,  which  receives  the  pres- 
sure, direct,  and  transmits  it  to  the  mercury. 

In  order  to  graduate  this  instrument,  A  being 
open  to  the  atmosphere,  that  point  where  the 
mercury  rests  in  the  tube  is  marked  1  (one  atmo- 
sphere). At  distances  of  thirty  inches,  the  num- 
bers 2,  3,  Ac.,  are  marked,  which  indicate  the 
number  of  atmospheres,  for  it  will  bo  remembered, 
that  a  column  of  mercury  thirty  inches  iir  height 
rei>re8ents  the  atmospheric  pressure.  The  appa- 
ratus being  placed  in  connection  with  a  steam- 
boiler,  wo  ascertain  the  pressure  to  which  it  is 
subjected  by  the  height  to  which  the  mercury 
rises  in  B  D ;  if  to  2-5,  the  pressure  is  2-5  atmo- 
spheres, or  .37i  lbs.  to  the  square  inch. 

280.  2d.  Manometer  with  com- 
pressed air.— This  form  of  the  instrument 
consists  of  a  glass  tube  filled  with  dry  air, 
placed  in  a  cistern  of  mercury,  to  which  it 
is  cemented.  This  by  a  lateral  tube,  A,  fig. 
224,  communicates  with  the  vessel  contain- 
ing the  elastic  fluid  to  be  gauged. 

In  order  to  graduate  the  manometer,  such  a 
quantity  of  air  is  placed  in  the  tube,  that  when  A 
communicates  with  the  atmosphere,  the  level  of  the  mercury  is  the  same  in  the 
tube  as  in  the  cistern.  At  this  point,  therefore,  1  is  marked  upon  the  scale. 
Following  Mariotto's  law,  it  might  be  supposed  that  we  should  mark  for  two 
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■IjoQtpbatw,  si  A  pmai  in  tUw  iniddlle  uf  (ha  tiitHi,  hui  wbcn  tlie  eobiinn  of  air  ia 
kalC  iliii  tcntkoii  «f  lira  atmosfiburea  i»  inc]-uit.»uO  tba  w«igbl  i*f  tha 
mIuuq  uf  nivrtury  muoU  in  %he  iiiifl  l^tkDrvforc  th«  inui'Jk  iMilbt  uf  ihv  lulio 
voald  rn|>r««eQe  a  propaurv  greiitvr  IIjaii  twn  nliiic£|iberi'B.  Tb«  triHi  {){>Hiii)u  for 
Uut  •ncuoil  m«rk  i«  At  a  point  a  IttUi;^  boLuw  iliu  uuddle  uf  thu  tub«,  wbi.<^]rD  tbu 
•(■•tic  forc«  of  tb«  c<ji»prc#»ed  hit,  added  to  tbe  nruigbt  of  tbo  ooiumo  itivr- 
■urr,  U  i»t|u»l  to  two  fttmospbcr*;^. 

Tlic  tru*>  poflitioti  of  ibc  iioioi*,  in dienting  3^  4,  4e„  Atmoiphflwg, !«  4«t«rTained 
w  tb«  of  the  inmiometer  by  piLlt'ulatltvti.  Tliis  Is  not  a  very  desimbtc  forru 
«f  lnui(ttB(!t«r,  t>?eausti  the  Tulumc  of  atr  gmwiug  emalkr,  the  dirijiuiut  muii 
<9ntiAu*ll7  dtminicb  in  ttic,  aud  therefore',  oven  «on«|«|«rftbb  vamtbn«  gf  prcs^ 
t«ire  mre  niirt  <^bserv«d  in  ibo  uy^at  poftiott, 

MomrdonM  metallic  tmromtUr,  defacnbed  in  g  IGS,  k  much  u^ed  us  a 
ntsnuasiier  or  gniigc  fur  6te>am-boilers.  It  is  Bi>nictinie9  called  Ash- 
Otufi't  l^ge,  and  ia  tbe  best  iitstrumetit  in  use  for  the  purpose. 

[For  the  dlCitflion,  ed'urtion,  and  tranffmiBBion  of  gftAea,  tbe  fntxture 
of  gises  and  liqmd»,  nml  tbe  iibsurptian  uf  gases,  see  tbeAutiinr's 

Chcmijirif:'] 

2S1,  Bellows. — The  tno«i  common  itifltrumetit  for  producing  n  cur- 
tent  of  lir  U  the  ordmpry  htl-  22S 
loirt,  fig.  225,  coriBiftting  of  two 
l^V«i  of  wood  united  bj  leatber* 
and  terminating  in  a  metuHic 
tulje  t  A  valve  s  ib  placenJ  in 
tlic  lower  le^if,   opening  up- 

WAfd4,  s 

Whfn.  the  lea™  art  proved  together*  the  vaW©  i  eJoso*,  nnd  tbc  i^NDtilued 
mir  ne«pM  tbrowgh  *.    But  wben  tli0  226 
Uavm  ftr«  *epAniied,        rusb^a  ia 
tbrongb  tlio  ^a.Wm  itnd  *lta  tLrougb 
Ibc  tube,  tbroHib  whkb  lut  ii  ib  ngn-in 
i^«ei*d  a|>«D  pmtiag  tba  le&veB  to- 

BellowB  with  a  coDtinnotm 
bUut, — In  the  oftlinary  bellows, 
the  btft»l  of  air  h  intermittent. 
Where  a  eontiDuous  jet  h  wanted, 
f»  at  &  smiib*^  fi^rge,  a  doiibU 
ljla*t  Uellow*  h  used,  tig.  226- 

Tbl«  c<»aBUlJ  Af  tHrufi  pificu  of  iroo4, 
of  wbhti  on*,  V,  it  Immof&Utt  tbo 
ttlbar*  ar«  conn«<^l«d  wiitb  tiiu  by 
meani  of  iQaibvr  T{»«  iitip»raiui  it 
dirldad  laio  two  ^ouijivtoicuti.  U  V.  Tb«blnflt-|n[)i!  commiinicutc^  with  tha  on« 
»vr    ill  itiu  Uw«r  «n«^  >lr  \'»  introduced  tbrongb  tba  luwcr  vslye,  S.  Wb«e 
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the  lever  is  drawn  down,  as  shown  by  the  arrow,  the  valve  S  eloies,  and  the 
air  being  compressed,  passes  into  U  through  the  valves  r  r,  raising  C  B,  and  par- 
tially escaping  through  the  tube.  With  the  reverse  motion  (accelerated  by  the 
weight  P),  the  valves  r  r  close,  and  the  exterior  air  enters  V  by  the  valve  8. 
During  this  time,  the  upper  weight,  P',  causes  C  B  to  descend,  and  thus  there  is 
continually  an  escape  of  air  by  the  blast-pipe.  The  weight  may  be  replaced  by 
a  spring. 

282.  Furnace  blowers. — In  blast,  or  high  furnaces,  blowing  mar 
chines  are  employed,  by  means  of  which  a  large  Tolumo  of  air  is  forced 
into  the  fire ;  these  machines  are  of  very  yarious  construction. 

Fig.  227  represents  one  of  them ;  it  consists  of  a  east  iron  cylinder,  contuning 
a  piston,  p,  of  which  the  rod,  f,  passes,  air  tight,  through  a  packing-box,  d ; 
there  are  four  valves,  two  of  which  227 
a  a'  opening  inwards,  draw  in  air ; 
the  air  passes  out  through  the 
valves  b  b'  which  open  outwards. 
The  piston  is  set  in  motion  by 
a  steam-engine  or  water-wheel; 
during  its  deacent  the  valves  a  and 
b'  only  are  opened;  through  the 
first,  air  is  drawn  in,  through  the 
second,  it  is  expelled ;  during  the 
aiceiit  of  the  piston,  the  other 
valves  a'  and  b,  act  in  the  same 
manner.  The  expired  and  com- 
pressed air  is  received  into  the 
tube  g  h,  through  which  it  is  con- 
veyed to  the  furnace.  In  the  great 
blowing  machines  at  Scranton,  Pa. 
the  blftift  is  used  under  a  pressure 
of  five  pounds  to  the  square  inch, 
driven  by  two  engines  of  1200 
horao  power  each. 

283.  Escape  of  compressed  gases. — When  a  compressed  gas 
escapcR  from  an  opening  in  a  thin  wall,  the  velocity  of  its  escape 
depends  on  the  difference  of  the  interior  and  exterior  pressure^),  and 
on  the  density  of  the  gas  passing  out.    It  has  been  proved, 

1.  That  toilh  the  same  gas  at  the  same  temperature^  the  velocity  offow 
into  a  vacuum  is  the  same  at  any  pressure. 

That  id,  if  we  had  a  vessel  filled  with  air,  compressed  at  1,  2,  3,  or  1000  atmo- 
sphtTos,  and  allowed  it  to  escape  by  a  email  orifice,  the  velocity  of  its  flow  would 
bo  the  same  during  the  whole  time  of  its  discharge.  But  the  quantity  of  the 
giis  that  could  escape  in  the  same  time  would  vary,  being  evidently  proportional 
to  the  dcneiity  of  the  f^af,  that  is,  to  the  pressure.  If  the  escape  took  place  in  a 
gas,  as  air,  instead  of  in  a  vacuum,  the  velocity  is  then  proportional  to  th«  dif- 
ference between  the  clastic  force  of  the  interior  and  exterior  air. 

2.  The  velocity  of  the  escape  of  gates  into  a  vacuum  is  in  inverse  ratio 
to  the  square  root  of  their  densities. 
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tiie  guwonpee  through  loog  tubes  ti]Stoa<!  of  through  orifices  m 
mlSaa  wait,  ihe  taIocUj  is  serf  nnich  diniinisliod,  because  of  the  fricUon, 
tad  IM  1«M  ^tn  priifKirtion  as  the  tubci  is  hynger  and  its  diameter  ecnulleT. 

284,  Poieismatio  ink'I^Qttle. — lu  the  paeumnlia  iiik-lwitle,  fig^ 
228,  the  iftk  in  the  tube  c  m  kept  efmstantly  at  nearly  ibeaata©  leveL 
Bjr  inclinmg  tho  bottle  it  may  be  filled  m 
KMa  hi  A,  Th«  ink  In  A  tends  la  Turcc  itself 
in  the  tube  C,  but  ia  oppuned  by  the  atmo- 
He  pre^eure,  which  is  muuli  ^cater  than 
jtresfture  of  the  column  vf  ink  in  A,  As 
tlie  ink  in  C  is  consumed,  its  surfxice,  fiilHng, 
will  albw  a  sniiill  bubble  of  air  to  enter  A, 
wlierci  it  will  exert  on  eloisiie  pressure,  and  cause  the  ink  in  C  to  rhe  a 
little  liigbcr.  Tbiji  eWect  will  oontinuiilly  tepcpited  until  the  bottle 
i$  «aipti(»d  uf  ink,  Blrd-cagii  fi^unUina  uro  constructed  on  fk  Biuoiliur 
principle. 

'Zi^'i,  The  syphon. — The  syphon  used  for  decftnting liquids,  depcnda 
for  its  ufNsriLtiti'n  on  the  principle  of  atmospheric  pressure,  ll  conslstd 
of  EL  bent  tube,  b     fig.  220,  having  one  of  its  arms  longer  than  the  other. 


It  msLf  bo  filled  by  turning  it  over,  and  pour- 
ing ibe  Uqaid  in,  or  bj  immersing  the  ehorter 
■inn  in  a  ireMsel  of  wftter,  and  apply  ing  the 
aHmlb  at  y;  upoit  exhau&ting  the  air,  the 
water  will  be  forced  up  by  atmospheric  pres* 
MPf,  to  supply  the  place  of  the  uir  withdrawn^ 
and  theris  will  then  bo  a  uon^nuol  d  lech  urge 
tintU  the  Teseel  i»  emptied. 
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Thm  two  brftDCbce  b<clDg  GUed  with  liquid,  tbo 
ftmmt^  txvntui  «.t  the  pomU  b  mnd  n  will  ba 
•<|iuU,  for  t!»«y  w^i  oa  ihe  ijune  Iwel  \  but  tlio  pre*- 
•are  «t«rt«d  tit  it'  will  be  |;r»tor,  bvcnafe  of  tb« 
tioliuBn  n  l\  itid  tb«  li^md  wiU  Aiokpe  fVom  this 
long  br»i>«b  bct'ftutc  of  this  ex^^cM  of  prfsssarc,  and  will  inw  bfler  U  the  liquid 
l«  tke  ihortcr  branch  ;  If  the  end  of  thii  bo  immerMid,  tb&r«  w til  be  a  continoiU 
di»chir£«  u  long  ««  A  is  b«low  the  Aurfactr  tbe  Uquld,  r<-»r  tho  fttmoBphoric 
fttmnt*  Witt  eantii  lb«  littnid  to  n^ccad,  to  iappl;'  Ibo  pluce  of  tbat  wliLch  !■ 
f  uabf  wat;  f^tberwlic  tb«r«  would  b«  «  tmuhui  prodaced. 

U  la  evident  that  water  could  not  be  raised  by  m^ana  of  a  siyphon 
wore  ihmn  tfiirty-four  feet :  for  ii  column  of  wator  of  that  height  is  in 
^  with  the  pressure  of  the  atmoaphere  (261).    The  velocity 

<i!  irttiij  a  lyiiluiu  will  lie  the  same  a*  if  the  lii|uid  fell  freely 

ftonti  a  height  Cfiual  to  the  diataoee  between  the  level  of  the  liquid  in 
the  vcsMcl  and  the  cod  of  the  long  arm.  To  avoid  the  nece«sity  of  filling 
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a  sjphon  bj  pouring,  tbQ  form  represented  in  Hg.  230  is  emptojed.  To 
uee  this  iaetrujnont,  the  open  end,      of  the  kmger  Umb  is  cJosod  by  the 
finger,  while  a  partiiil  vacuurat  created  hy  eucking  at  the  sin  a  11  ii8ct»titiii)g 
tul>e,  £a,  oecftsiionia  the  liquid  to  pasa  over  as  in  the  ordiaftry  ajphon. 
Intermittent  syphoa.    Tantalus*  vase, — Fig.  291  coii^i.<t.i(  of  a 

re^tcl,  ccititKiuiiig  a  ay-phuD,  of  wbirb  one  of  Iho  brftueb«a:  afHjiij  bc-low  tb« 
liutturo  of  tbe  v«3ftul  j  tb«  otber  w  curved.  Whoa  water  is  [lOured  into  tho  re«sBl 
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A,  it  vritl  mo  to  tbc  Fame  height  in  Ihe  interitir 
af  Uie  bubu  aa  it  alt&iDB  uaUide.  Th^  In  be  will 
noi  ftct  M  a  fyphon  ttotil  the  vessel  \s  filled  lo 
tbo  height  n,  but  wlien  it  rcachea  that  pi^mt,  * 
tbc  wutcr  ifill  flow  through  ct  inlo  the  hmg 
braiicj;],  AHiti^  it  eamplctely,  and  tbe 
being  iir>if  eiuppltcdi  will  diiirhnrgti  ttbIqi-  unlil 
the  vcBSdl  ii  ciu]vtj(!J.    Tb«  Hjphon  111117 
conueralod  in  a  Jjtlle  iniAgtf,  Hg,  repri^- 
BiinUii£  Tuntalusii  ao  that  just  bofi^rc«  thts  wwter 
toucboa  Eta  HpA  the  sy^pbuu  b  filk<l,  and  iho 
VOaaol  IB  ctnplit  J» 

286.  Intennittent  springB.— There  cscii^t;  in  nattira  ititenniUont 
ttprlng!^,  the  ^ator  Bowing  re^uFarlj  for  a  titno,  aad  then  suildeiiljr 


ceaaing.  In  these  springa  the  opouing, 
aa  at  a,  fig.  -33,  communicatea  with  a 
Bubterranoan  cavity,  C,  by  moans  of  a 
oh  an  n  el,  a  u  b,  wbiiili  hae  the  form  of  a 
Byphon.  This  cavity  is  grudimlly  filled, 
until  at  last  the  water  attains  the  level 
n  ft,  when  the  syphon  is  filled,  and 
the  water  cBcapes.  If  the  syphon  dii- 
233 


234 


ch«rg;es  the  water  fustef  tbati  It  Otiwt  IntQ  C,  nfler  a  time  its  level  would 
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he  iowwid  to  h ;  air  would  then  rush  in  by  th«  sjpbon,  th^  flow  of  wnter 
wi'tiM  cet:i»e,  unil  would!  iw't  recoiiuRieiicc  until  k  hiul  again  nltiuitiHl  the 
levd  n  n. 

Intennlttetit  fountaiii.— Tiic  iiitcrmUlont  rountain  Ci^ribtbta  of  a 
■  '.-I  nf  glitiis,  C,  234,  whose  iiperture  far  the  admiasioD  of  water 
li«rfti43ticdl^  »ealed  by  an  accumteljr-gfoutid  skipper. 

A  flttJt  tub*  A,  pttsic*  through  the  vessel  C.  iU  atnter  eiiil  lorminBling  aboTo 
d>«  «tirf*ov  f»f  tho  liquid ;  U«  luw«r  «tid  rc»t«  id  a  capper  cistcrnj  whkh  hoA  a 
tWfttl  ■.ptfitttnt  fur  till.''  t;tic)i|.i«  uf  waL«r.  Tbe  globo  b«ing  t>artiall3r  fillod^  tbo 
mIm  through  Ibc  capitlAfj  oriHcca  of  tlie  tubo  at  D,  id  coDsetiuence  of 

thm  cttnotpbirrie  prcfumf*  truadoiilled  ibruugb  tbo  lower  of  tUo  mbe  A, 
Wttan  lb»  und  of  Ibis  (ttU)  bucutui^  cohered  wLlh  vfltcr^  wbicb  pfU'r  a  time  bnjj- 
p«gM  {b««MlM  (ti«  orilice  in  the  c»f>t«rb  B  dct«a  not  nllaw  lo  grtnl  b  tiow  of  wulcr 
a*  nm  Mvape  from  tbe  tut^fs  at  JD).  the  exterior  nir  t^Anriot  ciit«r  th«  globe,  attd 
in  e«ii»eqii«!ii?«  Ihe  fluw  i.'«3i^»,  TUfl  wattr  coutiouing  to  efrcupo  ftum  D,  iu  & 
Uul«  time  tht  tiirfftcfi  b  »o  niiif  h  birerotJ,  that  the  cad  of  tbo  tube.  A,  b  out  of 
«»Wr  ;  the  »if  ihvti  ^uiuritig  lb«  gl'jbii,  the  cseujic  rL'comuQcuccF,^  and  ea  co&tiattcfl 

iitt^rvalii  imUl  C  b  eropikd  of  wBtcr. 

£87,  Aix-piimp. — The  air-pump,  designed  to  produce  a  vacuum  in 


fiOftflned  fpace,  waa  in  vented  by  Otto  t.  Ouerickc,  burgotnnsler  of 
botg»  in  1650*   Fig.  235  exbibits  a  Tery  excellent  form  of  the 
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air-pump,  manufactured  by  Ritchie  of  Boston,  usually  called  the  Leslie 
form  of  air-pump.  The  essential  part  of  the  air-pump  is  the  cylinder 
shown  in  section  in  fig.  236.  This  cylinder  communicates  with  the  bell 
glass,  by  means  of  a  tube,  shown  in  fig.  235,  and  with  the  external  air  by 
means  of  the  tube  ^  A  (fig.  236).  There  are  three  236 
valves,  a,  6,  and  c,  all  opening  upward.  The 
piston-rod  passes  through  a  packing-box,  d,  in 
which  it  moves  air-tight,  and  the  power  is  ap- 
plied by  means  of  a  lever,  as  shown  in  fig.  235. 

Suppose  the  piston  to  be  standing  at  the  bot- 
tom of  the  cylinder,  when  we  depress  the  lever, 
the  air  from  the  receiver  expands,  rushing 
through  the  valve,  a,  into  the  empty  space 
formed  in  the  bottom  of  the  cylinder,  while  the 
air  above  the  piston  is  forced  out  through  the 
valve  c  and  the  tube  g  h.  With  the  reverse 
moUon  the  valves  a  and  c  close,  excluding  the 
external  uir  from  the  cylinder,  and  preventing 

the  return  of  air  from  the  cylinder  to  the  receiver,  f  

At  the  same  time  the  piston-valve,  b,  opens  and  " 
allows  the  air  below  the  piston  to  pass  through  into  the  upper  part  of 
the  cylinder.  When  the  piston  rises  again,  this  new  volume  of  air 
which  has  passed  above  the  piston  is  forced  out  through  the  valve  c,  into 
the  external  atmosphere,  while  another  portion  of  rarefied  air  from  the 
receiver  expands  into  the  cylinder  below  the  piston,  to  pass  upward  and 
be  forced  out  through  the  valve  c  at  the  next  stroke  of  the  piston  ;  and 
80  on  continuously,  as  long  as  the  rarefied  air  in  the  receiver  and  cylinder 
has  sufficient  tension  to  open  the  valves.  At  each  stroke  of  th  ^  piston 
the  air  undergoes  renewed  rarefaction  until  the  amount  remaining  in  a 
good  instrument  is  about  one-thousandth  of  the  original  quantity,  and 
the  space  within  the  receiver  may  be  regarded  as  a  vacuum.  The 
pump  here  figured  is  furnished  with  a  barometric  manometer,  seen  in 
the  left  of  fig.  235,  by  which  the  degree  of  exhaustion  is  directly  indi- 
cated. The  efficiency  of  the  air-pump  depends  in  a  great  measure  upon 
the  valves,  which  are  best  made  of  oiled  silk. 

The  construction  of  the  upper  valve,  c,  as  made  by  Ritchie,  is  shown  in  fig. 
237.    The  disk  of  oiled  silk,  i,  ia  kept  in  place  hj  the  pin  237 
e,  and  the  whole  is  protected  by  the  dome-shaped  covering 
c.    The  tubo  g  h  (fig.  236)  discharges  the  air,  and  the  oil 
which  escapes  with  it  is  collected  in  a  reservoir  placed 
below  the  pump. 

An  air-pump  with  two  cylinders  is  commonly  used  in  France,  the 
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pktonx  ot  wliich  arc  tillcniutelj  raised  and  depressed  bj  n  rack  and 

DvEl^ee  of  CaJiaafttlon. — ^It  it  plain,  an  a  moment's  nfleutioDi  Itiai  by 
»ebattical  gaciiiia  aioan^,  it  id  iLupo£»ibt«  W  pmdac'e  a  perfect  mcaum.  Tbcix 
M««t  felmyt  Tctniin  »  remin  Twluuio  of  nif,  iafijrior  in  tonsion  Iv  the  gruvitjf 
■od  firtetiitn  of  tin*  putup  vulret.  By  wjuplojMHg  no  utnifitephttre  of  dry  LydrugH^ti 
lo  filuw  out  the  Tvivlue  orcoiniDaa  nir  frum  Ait  L>xhau»t«d  ri^ccircr,  O-u  uliprviH-U 
try  .X  t"  T^'  ■  T  '  1  :iiTTi  i«  mmlv,  iuvefsciy  lui  tho  detiBit;  of  the  two  gMva.  Al»« 
t  fur  iho  aitj»e  enil.  Bntl  abiorbiaj^  tbe  reatiluia  <if  thia  gajs 

\t}  pi  rev  kill  aly  |KlAi>4!d  on  Ibe  puuqp  plikif,  a  perfect  'thouqu  mmj 

Compreesiiig  macMi^ke. — Thh  machine  is  used  lo  couiprosa 
tlie  nlr  or  &njr  oth^r  gas ;  it  33B 
i«  oti&etructed  like  the  air- 
pomp,  the  onij  difierence 
bemg  ib&t  its  vuivos  upen  ui 
m  OtJOtmrj  dlrectionf  tii.  ; 
dtiwnwftrtlg. 

Fig.  238  shows  a  Tery  ncitt 
ft«rm  of  the  candcosing  pump 
M  t^tnstfucted  by  R'ltchiot  to 
ilUtMlFAte  the  MurRitttaEi  law 
(275)  und  to  liqaefjr  gnsei. 

Water  -  pnmpa. — 
Pampa  jtre  mttchines  de- 
•igned  to  elevate  liquid*  aliove  Lltcir  former  level.  They  are  of  two 
e1aAAe«;  Ist,  those  acting  by  atmofipherie  pressure;  2dp  those  which 
act  independent  of  such  pressure.  They  i»ro  commonly  called  either 
fltictiai],  or  forcing  puiup?,  or  both  onitcil. 

2'X>,  Snction-pumpA. — The  !»uctioD-pump,  fig.  239,  is  composed  of 
a  tul*e,  A,  whose  lower  end  is  immereed  in  the  water  to  be  elevated. 
This  h  attached  to  tlie  body  of  the  pomp,  C«  wliich  eontam^t  a  piston 
rurulBlied  with  a  TJiIve,  r,  opening  upward.  The  upper  eitreinity  of 
tlif  tube  A,  fdiut  contains  a  rutve,  c,  opening  in  the  ftame  direction. 
Wben  ihr  ftktnn  it  tileraled  from  Ibe  lower  p»rt  of  the  pump  ttj  working  Ibe 
tin  vnlrii  r  rUi*t$,  mad  ft  |>ftrtt*l  ¥acuum  ii  prodfic«(l,  but  tb«  elaitio 
ftir  ia  A  clu»5  tli9  i^ro  o  to  (^pen,  tnd  port  Ibo  nlr  (bui 
Th<«  Mr  !n  tbe  tahm  im  thnt  rmreflcd^  &nd  the  water  raitbM  np 
|o  •tarb  m  beicrbt,  tbHit  tite  w^ilgbt  of  tbo  cotuinu  of  water  raised,  added  to  lb« 
duplicity  of  tb*  lAtorior  mir,  kimp  it  iti  vqtitlihrium  ttSlli  thv  utmospbcric  prc»- 
*«fv.  Wben  &b«  f>iit«»n  dc«condii,  the  rnlve  n  cUitt'A  i*y  its  wt^ii^ht,  «nd  pre- 
lb«  rnlom  uf  lb*!  mir  (ttrtn  the  bi>dy  of  the  fmrnp.  C.  into  ibn  tulio  A, 
Tbe  eamfirwcd  tAx  opfmi  ttio  rulre  snd  tliiia  (^ttriipi!ii  into  tbe  ntinoffphera 
IkfOMf b  B*  After  »  atinib«r  of  ftrvbis  of  tbis  piilon,  fewer  aa  the  c»pftjpity  of 
Ik*  lab*  a  i«  ^m$t  tbe  wftler  will  b«  ekvat^d  abofa  ib«  lower  taivo  ;  now  wben 
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th^  piitoD  il  Uwwredf  th«  vtin  r  will  ©pen  lUid  ill*  vi-ter  p«M  wSbawn  IL  tJ" 
elevsUag  Use  piston,  r  ctQaca,  mkI  Ibe  WAler  ii  239 
niaed  ta  B,  Mid  efupca  throof  b  Ihe  sp««tS. 

As  io  thia  «id  the  folbTrittg  p^mpi 
the  water  i«  elevated  to  Uie  top  of  the 
tube  bj  mean*  of  atmospheric  preaiurti, 
it  U  evident,  that  even  i»  the  mott  per- 
feetly  oonstrucled  |iump.%  the  dklance 
fitiro  the  level  of  the  water  to  the  Inp 
of  the  pump  most  not  exceed  tbiriy- 
four  feet  (261),  but  those  of  ordinarj 
oonstructioD  coo  la  in  defect*,  so  that 
gcn&rallj  we  dc»  not  gain  a  greater 
lieight  than  twentj-sli;  or  tirentjr-eight 
feet.    But  after  tho  water  has  pas-cl 
abuTe  tlie  piflUm,  tlie  height  to  which  v 
may  elevate  it,  is  limited  only  by  i: 
power  applied  at  the  piston  ;  for  it 
the  n^qctisluDiil  forge  of  thia  which  < 
vatea  th«  water. 

29 L  Suction  and  lifting  pomp.— 
Sumetiraes  ths  water  raised  abo^e  the? 
pititon,  instead  of  pitaaing  upwards  in 
Iho  tube  in  which  the  piaton  works,  v'x&eb  by  a 
tubo,  S,  fumifthed  with  a  valve  which  prevents 
the  return  of  the  water,  as  ie  ehown  in  r, 
fig.  239. 

That  the  rit^ing  of  the  water 
in  the  tube  is  due  to  the  at' 
muspherie  pressure,  may  be 
demonstrated  by  the  nppara- 
tU9,  ^g,  240,  After  forming 
a  vncraum  in  the  reBerroir 
which  contains  the  vessel  of 
wator,  thtf  liquid  will  not  rise 
in  llie  tube  wlieri  the  piabm 
in  the  pump,  P,  is  raised,  but 
upfiii  adtiiitttng  the  air  it  ia 
jupidly  elevated,  as  usual. 


240 


102,  Forcing 'pntnp.— In 
tho  forcing-pump,  ihi>  pimton 

luu  Eio  valve.    The  lower  pari  \ti  the  cylinder  in  m 
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b  Ilie  water  to  be  elevated,  ao  (hat  the  vah  o     fi;;.  241, 
aiftw&rd,  U  AlwAja  iramer^eJ*    The  QE^cendmg  tube  a  6  coulidna 
ft  fidttf  S,  aIso  opening  upwards,  and  an  air  {chamber,  m  n, 

1f)i«a  lha  fiwUtn  i«  r*iH(l,  S  ii  cloepd,  and  w&t«r  i«  introdttiMMl  by  tb«  open 
itlrm  r  f  upua  ihtf  (letircQi  of  Uio  piitan,  r  closeit^  luid  lUe  wuti^r  h  fr>rvod  into 
tti«  *«««uilltijf  tube,  u  b.  Tht  reierroir,.  m  t*,  f^\od  witli  atr,  U  deaigtied  to  rvn. 
i|»rih«jft  **f  wAi^r  cntitiniioMn.  WUcu  ihci  wntcr  is  forood  by  Iho  pialon  into 
liittc,  liifl  »ir  is  coinprus!»i!il  in  m  n  ;  reiutinf  afterwitrJi  iw  <liMlicity,  It 
Ui  iwivv  tbc  water  iota  thv  apper  part  of  tii©  tuUej  *flcr  S  is  closed, 
vhile  tb«  pulon  h  risitig. 

It  if  fouftd  iiec*s8arj  to  hzYCt  the  air-cbninljer  li^eotj-three  tiaiea  the 
eftpfti'itjof  the  WW  of  ilie  pump,  in  order  tu  tender  the  jet  continuous, 
^193,  Rotary  pump.— The  rotary  pump  is  a  mecha.nleril  contnvanco 
[faUing  Wfttcr  hy  u.  cotittnuoua  rotary  [norement.  Fip  242  re  pre- 
I  one  of  thf  moat  suci^esHfal  of  these  pump?  (Citrv  V).  Within  a  fixed 
C):imiltr  U  included  a  mavn- 
bl«  druixtr  B.  nttarh^d  to  tlw 
axia.  A*  ftud  mimng  with  It, 
li«fart-#haped  cam  but* 
)dlti{^  A«  is  iintuovtthle. 
Tb»  Wfolutioa  of  B  eaufea 
or  pi8t*m9  €  C  tu 
m  audi  oa%  in  obedi- 
foea  U>  the  fortii  of  the  cam. 
Hie  w»l«r  enl«r«  and  Is  re- 
CAi>t«<J  fnim  tline  chamber 
tJiruugh  the  port*  or  vakcH, 
L  and  M  i  the  directiona  are 
iadicAtcd  bj  the  arrwwi* 

Th*  ejun  ii  to  plaf*H.  that  each  valvu  i*  iu  ttiictfes«ion  furt^l  Wik  into  ill 
wtivn  oppneiifl  E,  vthtU  wi  the  «niiio  tiroo  the  other  viiIvb  ia  driven  fuHy 
tbv  caritj  the  «hji.ni1>«r;  thti«  fDrfiti^  Wfuro  i(  tbc  wiiter  ulreoidj  tbcre, 
tbii  )iipe  11,  »a4  drawing  ftftur  it,  through  ttio  euction  pjp«  F«  tb« 
■tKftm  i»f  *unpl/.  When  li«  pamp  ii  »nl  in  actittu,  (ho  pia-iioo-pipe  ii  gniJually 
ttliMUinJ  «f  aiCf  tn  which,  conBerincnlly,  Uie  wuUr  »sL-«ndff,  and  being  tbmwa 
tato  the  eyUud«r,  it  u  Xhen  eiu-nwd  Afuund  by  tJio  platei  C  ia  the  mimficr  jmt 
4««etSUad. 

ThM  hi  n  futm  of  pump  often  employed  in  the  eteam  firo-engmea  mw 
comitig  HI  to  general  use, 

2^4.  FLre-eiisla«'» — In  order  hi  obtain  n  contlnnoua  and  powerful 
jet  of  water  from  lire-en giues,  thcj  are  hmiivHv  cmiatructed  with  two 
foftiog-pump*,  which  arc  aUcmatelj  diwhiirfpng  water  into  a  citnnnon 
aif^bamber.  The  piatotii  ore  moved  by  btnkoSf  having  an  oscillating 
The  water  frum  botli  pumps,  furjed  into  the  air'chttmli.*rp 
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escapes  through  a  long  leathern  hose,  tenninated  by  a  metal  tube, 
which  serves  to  direct  the  jet. 

295.  Hiero's  fountain. — In  this  apparatus  we  also  obtain  a  jet  of 
water  by  means  of  air,  compressed  in  tliis  case  by  a  column  of  water. 
A  common  form  of  this  apparatus  is  repre>  248 
sen  tod  by  fig.  243. 

It  ooDsista  of  a  metallio  cistern  and  two  globes 
of  glass.  The  cistern,  D,  communicates  with  the 
lower  part  of  the  globe  N,  by  the  tube  B ;  a  second 
tube,  A,  joins  the  globes,  ending  in  the  upper  part 
of  both;  M  is  partially  filled  with  water;  and 
lastly,  a  third  tube  passes  through  the  cistern,  and 
terminates  at  the  bottom  of  M.  The  upper  extremity 
of  this  tube  has  a  small  orifice,  from  which  the  jet 
of  water  issues. 

Upon  pouring  water  into  the  cistern  D,  the 
liquid  descends  to  N,  by  the  tube  B,  conse- 
quently the  water  in  the  lower  globe,  N,  sup- 
ports, besides  the  atmospheric  pressure,  the 
pressure  of  the  column  of  water  in  the  tube. 
This  pressure  is  transmitted  to  the  air  in  the 
globe,  M,  which,  reacting  on  the  water,  forces 
it  out  through  the  jot,  as  seen  in  the  figure. 
If  there  was  no  friction,  and  no  resistance 
from  the  air,  the  water  would  spout  to  a 
height  equal  to  the  difference  in  level  of  tho 
water  in  the  two  globes. 

29C.  Hydraalic  ram. — In  the  hydraulic 
ram,  the  momentum  of  a  part  of  the  fluid  in 
motion,  is  effective  in  raising  another  portion. 
A  simple  form  of  this  apparatus  is  seen  in 
fig.  244.  The  water  descends  from  the  spring 
or  brook,  A,  through  tho  pipe  B,  near  the  end  of  which  is  an  air-cham- 
ber, D,  and  rising  main, 
F.    Tho  orifice  at  the  ex- 
treme end  of  B,  is  opened 
and  closed  by  a  valve,  E, 
opening  downwards. 

When  the  valve  E  is  open, 
the  water  flows  through  B, 
until  the  current  becomes 
sufficiently  rapid  to  raise  the 
valve  E,  and  thus  to  close 
the  orifice.    The  water  in  B  having  its  motion  thus  suddenly  checked,  exerU  a 
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and  hkrinii;  r&i#cd  the  volIto  0,  will  rush,  ibto  tbo  air^roBBel 
the  *ir.    Th*  coniprtaBfd  iiir  in  D,  )mvtmc  of  il*  eliulicitj, 
1.1  n»B  in  the  pifno  P,  uuiil  tbe  wnfer  in  A  B  is  lirDu^jht  to  r«at. 
tLu  ]*rtffatir«  U  ngnin  jDE^utru'tciit  to  aiialaut  (.Uu  vrctglit 


Iliu  vtklvn  I',  whU^'li  ofpcJie  (iIcsccmtEvji.  lite 
I  II  ij  tLftikiu  put  in  mntinti,  ntiH  tho 
••nvB  t»f  «:0««Ui  «D9ao  u  have  ulreindy  Insod 
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Tho  hydnnalifj  rjijn*  when  woU  con- 
•iUtiot#d»  is  capabln  of  utiH^iiig  about  GO 
p«r  eoiL  of  the  moving  power. 

29*.  Cliain-pamp.— The  chain-pump 
Acts  Independent  of  atmoftplierlc  pre^uro. 
It  eofisUtfl  &f  a  aylitidcr,  fig.  245 »  whr^o 
Itiwer  ^nd  IS  intmorscd  m  tho  water  of  the 
Teservoir  B,  and  whose  upper  part  en  tors 
inU)  the  bottom  of  a  cistern,  C,  into  wlikh 
ihe  water  is  to  he  raised.  An  endlcBS 
diAin  h  earried  around  the  wheeld  above 
luid  below,  and  is  fariii#hed«  at  equal  dis- 
tances, with  circular  platea,  which  fit 
eUi«dy  into  the  cylinder.  As  the  wheel 
hi  rcTolfed  by  meaua  of  power  nppHed 
Ifiuiallj  by  a  wiach^  tbe  circular  phites 
iccc**.ively  enter  the  cylinder  and  carry 
water  up  before  them  into  the  cistern, 
from  which  it  passes  out  by  a  spout 

2dBm  Archimedea'  screw. — Him  inachittc  is  sskld  to  have  h&m.  ia- 
rrnted  by  Archimedea  in  Ei;3'pt,  to  24fi 
aid  lha  inhabitants  in  clearing  tbo 
land  fr«>m  the  periodical  overBowitigs 
of  the  Nile.  The  instrument  varies 
in  iti  form,  ftccording  to  tlie  manner 
and  paq)o«©a  of  its  application.  To 
reader  tlte  principle  upon  wbich  it 
vrorkM  luleHigiblc,  let  suppose  a 
lulxi  bont  in  tho  form  of  a  ccirk* 
tcrew,  and  inclined  in  tho  ninnncr 
fthowu  in  fig.  246,  If  a  Imll  be 
pl«c«d  in  A.  it  will  fall  to  and 
^|b«r«  remain  at  rout;  if  the  screw 

Ufflw  turned  so  that  the  mouth  A  is  placed  in  it«  lowest  position, 
ths  p«>int  B,  during  such  ft  motion,  will  ascend,  and  will  assume  the 
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Iiighegt  position  It  oan  have.  The  ball  will  then  fttll  to  0 ;  hjr  continti- 
injg  t(i0  reTolutieiii  of  the  screw,  tlio  ball  will  iiHcend  in  the  tubc»  and 
fiualljf  will  Le  discharged  fmm  tbc  upjjer  raoutli.  Tho  sjtmo  woiiM 
bttppea  with  a  purtipn  t>f  liquid.  If  tbo  lower  cxtreauty  of  Uie  ^crcw 
was  immersed  in  a  reservoir  of  liquid,  it  would  gradually  be  carriod 

«4T 


J  ::i    M  >J,•.i'ili>•i^Sl:J>^i^i•■3i^■ 

m 


M 


along  the  spiral  aa  the  ecrcw  wm  turned,  to  atij  height  to  which  Uirt 
screw  might  eiteod.  In  practice,  tho  Bcrew  ia  more  commonly  formed 
of  a  eyliuder,  to  the  walls  of  which  k  attached  a  spiral  thread,  M 
shown  ia  fig.  247.  Besides  liijulda,  these  machines  are  used  for  ele- 
Tating  ores  in  mtoen,  or  graiti  in  breweries,  &<!.  They  are  ootninonly 
used  at  an  inclination  of  about  45%  hut  may  be  used  at  50*;  reralving 
100  to  200  times  a  minute. 


Problems  on  Pneumatics. 
Atmospheric  Freaaure, 

134.  What  weight  coqld  be  lifieil  by  ihe  appjirii.E.n8  *bown  ii»  fij^.  202,  If  tbe 
moatli  of  thcF  )eir  i»  5  mt-hoa  in  diAiuct^T.  nnrj  ibe  air  within  tb«i  jar  ii  vxhiinftcdj 
go  as  la  lea.ve  it  but  one  buiidrallb  pj«rt      niirmiil  dt'itiait)'  ? 

135.  What  foree  would  be  rcquirad  lo  sefarwle  twu  Ma;»;dcbur^  hsiuivphvru, 
hnving  im  interoa]  di&iueti^r  of  ton  luchefi,  if  ■  ]>crfeot  roMtum  w«ro  formoif 
wiibiu  J 

130.  A  m%»*  of  m<!Lal.  whon^  «|>o0illo  ^rnvitir  it  welgbi  lii  u  Tavtmm 

TSa  fraioB ;  haw  much  will  ila  weight  he  diminisbed  if  waigbftd  in  Ih*  oprn  mir  ?  * 


*  In  Ifaeae  problems  tho  batoa^ter  la  aapfiofed  lo  ttaad  at  SO  tnobos^  unl  thw 
tbvrmiaaieter  at  the  frMiiog  point. 
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137.  A  mau  of  iron  (Sp.  Gr.  7-8)  weighed  in  air  with  brass  weights  (Bp.  Gr. 
d-3)  460  grains,  what  would  it  weigh  in  a  racuum  ? 

13S.  A  glaM  globe,  from  which  the  air  has  been  exhausted,  weighs  254*735 
graiBBes ;  wh«n  full  of  air,  it  weighs  6422*737  grammes ;  when  full  of  another 
gas,  651*175  grammes ;  what  is  the  capacity  of  the  globe,  and  what  is  the  specifio 
grarity  of  the  gas  ? 

Barometer  and  Balloons. 

139.  To  what  height  will  sea  water  (Sp.  Gr.  =  1*026)  rise  in  a  Torricellian 
Cabe,  when  the  barometer  stands  at  28*75  inches  ? 

140.  When  the  mercury  barometer  stands  at  30  inches,  what  must  be  the 
length  of  a  water  barometer  inclined  to  the  horizon  at  an  angle  of  30°  ? 

14L  What  would  be  the  height  of  a  sulphuric  acid  barometer  (Sp.  Gr.  sul- 
pharfe  acid,  1*85)  when  the  mercurial  barometer  stands  29-35  inches  ? 

142.  Maararement  of  the  height  of  the  highest  peak  of  the  Smoky  Mountun, 
(Lat  3$^  N.)  in  North  Carolina,  September  8,  1859,  by  Prof.  A.  Guyot.  By 
obeerration  at  8i  a.  x. 

Barometpr.  Tempeniture  Temperature 
Eng.  iocbes.  of  BaromaUtr.      of  air. 

Lowar  station,  R.  Collins'  house,  4  ft  above 

ground,  k  =  27*862,  T  =  66'»*4,  I  =  65«-l. 

Upper  Station,  Smoky  Dome,  4  feet  below 

•ammity  A'  =  23  963,  T'  =  5Io-8,  t'  =  61«»*4. 

Mr.  Collins'  house  being  2500*2  feet  aboye  the  ocean. 

Calculate  from  these  data  the  height  of  Smoky  Dome  above  the  ocean. 

Altitude  calculated  by  Prof.  Guyot,  GC55  85  feet, 

14.3.  What  is  the  ascensional  force  of  a  spherical  balloon,  30  feet  in  diameter, 
filled  with  common  illuminating  gas  (Sp.  Gr.  *485),  the  weight  of  the  balloon  and 
ear  attached  being  200  lbs.  ?  What  if  it  were  two-thirds  filled  with  hydrogen 
(Sp.  Gr.  of  hydrogen,  0*069)? 

144.  A  balloon  entirely  filled  with  illaminating  gas  (Sp.  Gr.  *500),  is  so  bal- 
lasted that  it  rises  to  an  elevation  where  the  mercury  stands  at  15  inches.  Suppose 
one-half  the  gas  is  now  liberated,  will  the  balloon  rise  or  fall  ?  and  what  amount 
of  ballast  should  be  put  in,  or  thrown  out,  to  cause  the  balloon  to  remain  sta- 
tionary, at  the  same  elevation  as  before  any  gas  was  liberated  ? 

Mariotte's  Law.    [Regarded  as  intariahle.) 

145.  What  proportion  of  a  tube,  3i  feet  high,  can  be  filled  with  water,  the 
contained  air  being  assumed  to  be  compressed  at  the  bottom  of  the  tube  ? 

146.  A  faulty  barometer  (containing  air)  indicated  29*2  and  30  inches,  when 
the  indications  of  a  correct  instrument  were  29*4  and  30*3  inches  respectively; 
find  the  length  of  tube  which  the  air  in  the  column  would  fill  under  the  pressure 
of  30  inches  ? 

147.  A  glai>s  globe,  10  c.  m.  in  diameter,  hermetically  sealed,  weighs  45*120 
gram,  when  the  barometer  stands  at  74  5  c.  m.  What  would  it  weigh  if  the 
barometer  stood  at  76  c.  m.  ? 

148.  A  glass  globe  hermetically  scaled,  30  c.  m.  in  diameter,  suspended  to  one 
arm  of  the  balance,  is  poised  by  320*422  gram,  iu  brass  weights,  when  the  baro- 
meter stands  at  76-21  c.  m.  After  a  time,  it  is  found  to  have  lost  in  weight 
0  022  gram.  What  is  now  the  height  of  the  barometer,  supposing  the  tempera- 
ture not  to  have  changed  ? 
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^ti^ftied  in  Air  with  hroMM  wdgbta  (Bp,  Gr. 
iij     vacuum  ? 

air  baa  been  exhausted,  weigh*  254-^35 
5423-737  gmmmoe;  wli*n  full  of  *nqtlnjr 
-ky  of  the  gtofcw,  uad  what  u  the  speciflo 


d  Balloons. 

8p.  Or.      1.026)  rise  ia  a  Tomeclimn 
inches ? 

nda  nt  30  iticlie*,  what  must  be  Ite 
0  hurisoa  U  u  uigb  of  30°  ? 
Iphono  uid  bwro meter  (Sp,  Gr.  sul- 
Qietor  etands  20-33  inchoi  ? 
hightit  p«Ak  of  ibe  Smoker  MoutiUin, 
b(sr  8,  ISdB,  bjf  Prof,  A/OuyoL  By 

BanomttUr,    T*tnper4tyre  TifiiiprrnLurs 
IriicheR.  or  BaroiaotuT.  «if . 

A=2r-302,  T^ee'»'4,  f  =  fl5<'-l. 
■^vo  tbo  ocean. 

SiQoky  Df>ino  above  the  oecan. 
»Ivurftl«iJ  by  Prf»r  Giiyot,  6655  85  fiwt* 
ipbcrieal  bunorjn,  30  feet  in  tllami^tcr, 
T.  ■4^5),  the  wcii^bt  uf  the  t>iLllovii  iLod 
wtn  twQ-tltirUai  fiilud  with.  Iij-drogon 

tutniaalitig  gtu)  C^P-  Ct^-  'SOO),  it  «o  bal- 
'  i»  mercmry  stunda  at  1 5  iDi*li«;8.  Stippoeo 

Wllnon  riae  nr  Tall  f  ami  wbiii  amoutit 
00 1>  to  enuBo  the  biiUoos  to  reaiiiiu  *ta. 

any  giw  waa  liberated? 

'tt  rdfd  as  in  ca  ria  ble. ) 
I  high,  can  b«  filled  wilh  water,  tha 
fled  at  the  bottom  uf  the  tube  ? 
)  indicated  29-2  i^n**  3»  LdcIics,  when 
fo  20-4  and  30-3  iochea  rciip«ctiv«ly ( 
•  column  would  fiU  under  the  pr*M«» 


■15  m 


hunnotically  sealed,  wdgbt  4»tlB 
>.  m.     Wbttt  would  it  wdfA  M ^ 


30  0.  in-  ia  dintiiotor, 
grarw.  in  br»s«  weight.,  w1n«^; 

tho  bitromctcr,  auppo«ltt|^^ 
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CHAPTER  V. 

OP  UNDULATIONS. 
1 1.  Theory  of  Undalations. 

299.  Origin  of  andalatioxui. — By  the  operation  of  certain  forces, 
the  different  parts  of  all  bodies  are,  ordinarily,  held  in  a  state  of  equi* 
libriam  or  rest.  If  the  molecules  of  a  body  are  disturbed  by  any 
extraneous  force,  they  will,  after  a  certain  interval,  return  to  the  state 
of  repose.  This  return  is  effected  by  the  particles  approaching  the 
position  of  equilibrium,  and  receding  from  it,  alternately,  until  at 
length  the  body,  by  the  resistance  of  the  medium  in  which  it  is  placed, 
and  by  other  causes,  is  gradually  brought  to  rest.  The  alternate 
movements  thus  produced,  are  variously  expressed  by  the  terms  vibra- 
tions, oscillations,  waves,  or  undulations,  according  to  the  state  or  form 
of  the  body  in  which  such  movements  occur,  and  the  character  of  the 
motions  which  are  produced. 

300.  Progresaive  nndalationB. — Undulatory  movements  are  of 
two  kinds,  progressive  and  stationary.  In  progressive  undulations,  the 
particles  which  have  been  immediately  excited  by  the  disturbing  cause, 
communicate  their  motion  to  the  particles  next  them,  and  as  this  move- 
ment of  the  particles  is  successive,  the  position  they  assume  at  any 
particular  moment  during  their  motioli,  appears  to  advance  from  one 
place  to  another. 

This  kind  of  undulation  is  obsorved  in  a  cord  made  fast  at  one  end,  while 
the  other  is  smartly  shaken  up  and 
down ;  the  portion  of  the  cord  nearest 
the  hand  will  assume  the  position  in 
fig.  248,  1,  tndEO.  Such  a  wave 
docs  not  continue  stationary;  the 
moment  it  is  formed,  it  advances 
toward  the  other  extremity  of  the 
cord,  II,  on  reaching;  which,  III,  HI*'*" 
un  inverted  curve  is  produced,  IV, 
and  the  wave  returns,  V,  to  the 
position  from  which  it  started,  the 
relative  position  of  the  elevation 
and  depression  being  reversed.  This 
alternate  moTcment  may  be  repeated  a  number  of  times  befor«  the  cord  comM 
to  rest.   These  are  sometimes  called  waves  of  translation. 


OF  UNDULATIONS. 
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Meohiaxilcal  Ultuitratioii  of  ondulatioiia.— Ta  fig.  249  u 
n  I^fWeU't  apparaftta  for  illustrdt  lug  progreBRive  undulationi.  A 
Iff  Im&IIs  are  so  nnxintHd 
metallic  toAb  llmt  thoy 
ttirt  freedom  of  iiif»lion  nn\y  in 
tftttical  direi.'iiun.  On  n  shaft 
tcfficd  bj  a  cniiik,  bIi'jwq  in  the 
lower  put  of  the  fi^ur^,  are 
pUmd  «  series  of  eccentric 
wImIi  (one  under  each  rod)  so 
Vtmagtd  ua  to  rfttae  the  rude  odq 
■Iter  tJjc  oLber.  When  one  rod 
u  rlMfig  another  is  fall  in g,  and 
the  wftre  ftppeari  to  iravoi  from 
oa«  eod  uf  Uie  aerief  to  the  other. 
Ai  eoon  as  one  ir&te  dhAppe&f 
■iiotlier  U  forwed,  ond  these 
warn  aiicoeed  each  other  like 
tbt  nadnladofii  of  a  cord. 

302.  SitetioDiiry  ntidtilationa.'-Undutattims  are  termed  staiiimary 
vheo  all  parii  of  Itio  bodj'  assume;  atid  complete  their  motion  at  tho 
nm*  time. 

Ttraa,  wb«ii  ■  rorl  ai/otclifd  between  A  B,  fig.  2^0,  ij  drAtm  at  the  noddle 
ftom  iUt  re'Ctilhiviir  |iuiUion,  it  uhimntely  rcfovurff  its  nrigiut^  povitloB,  alter 
f«rf»rBilii^  «  iwrJoa  of  vtbaiiiuitc,  m  wbifU  d1  pmrta  *>f  the  cord  partidpfcte. 

SOS.  laoohfonooa  7ib?atlo&8. — Thme  vibrtitionfl  that  perf*»rm  their 
jotim^j  on  either  «ide  of  thoir  normal  positio]!  in  equal  times,  are 
ternieil  inochrououa  (from  ftru?,  eqiml,  and  j^p'ivoi;^  time). 

Th«  moVimwiLtd  of  »  |i«Ddutum  Airal«1i  a  p«rfeeC  illustration  of  aucb  vibn- 

3^1.  piiaaes  of  undulatloas.— In  crerj  complete  oscillation,  or 
perfect  wave,  the  folbwing  parts  may  he  recrtgnised.   The  eurre 
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251 


71 


«r&f/r,  fig.  251,  tn  ctilled  i\  irate.  The  part  af  6*  which  rises  ftbove 
the  paikition  of  equiliV^rium,  in  called  the  phaso  of  eJoration  of  the  vaTi?, 
f  hfting  the  point  uf  grciitcst  elevation  ;  the  curve  bdc  ta  etiUod  tho 
phAAe  of  deprea«iion  of  the  ware^  tho  point  d  heiug  that  of  grenteiit 
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depression.  The  distance  e of  the  highest  point  above  the  position 
of  equilibrium,  is  called  the  height  of  the  wave,  and  in  like  manner  the 
distance  gd^  of  the  lowest  point  below  the  position  of  equilibrium,  is 
called  the  depth  of  the  wa?e.  The  distance  d  c,  between  the  beginning 
of  the  elevation  and  end  of  the  depression,  is  called  the  length  of  the 
wave,  the  distance  a  h  the  length  of  the  elevation,  and  h  c  that  of 
depression. 

305.  Nodal  points. — ^When  a  body,  as  a  string,  is  made  to  assame 
a  series  of  stationary  vibrations,  the  points  where  the  phases  of  eleva- 
tion and  depression  intersect,  are  always  at  rest. 

Let  tbo  cord  stretched  between  A  B,  fig.  252,  bo  temporarily  fixed  at  the  points 
C  and  D,  and  the  three  parts  be  drawn  at  the  same  moment  equally  in  contrary 
directions,  so  that  the  cord  will  252 
assume  the  undulating  form  repro-   ^  q  ^  jj  


fixed  points  at  C  and  D  be  removed, 
no  change  will  take  place  in  the 
vibratory  motion  of  the  cord;  but  as  it  continues  to  vibrato,  the  points  C  and 
D,  although  free,  will  be  in  a  state  of  rest. 

Pieces  of  paper  resting  upon  these  points  will  be  undisturbed,  while, 
if  placed  on  the  intermediate  positions,  they  would  bo  thrown  off  imme- 
diately.   These  are  called  nodal  points  (Latin,  nodus,  a  knot). 


30G.  Solid  bodies. — All  solid  bodies  exhibit  the  phenomena  of 
vibration  in  various  forms  and  degrees,  varying  in  an  infinite  variety 
of  ways,  according  to  the  form  of  the  body,  and  the  manner  253 
in  which  the  force  producing  the  vibration  is  applied.  -  j 

307.  Forms  of  vibration. — Bodies  of  a  linear  form,    ff  7\ 
as  tense  strings,  fine  wire,  &c.,  are  susceptible  of  three         /  \ 
kinds  of  vibration,  which  are  called  (1st)  the  transverse,         J  \ 
(2d)  the  longitudinal,  and  (od)  the  torsional  vibrations.         I  j 
A  simple  apparatus  to  exhibit  these  effects  experimentally,         \  > 
contrived  by  Prof.  August,  is  represented  in  fig.  253.    It         \  / 
consists  of  a  spirally  twisted  wire,  stretched  from  a  frame  K  =^|^  ^ 
by  a  weight.    If  the  weight  be  raised  to  A,  and  then  let  j  — 
fall,  it  will  advance  and  recede  from  its  normal  position,  /_ 
the  wire  performing  a  series  of  longitudinal  vibrations. 

Transverse  vibrations  are  produced  by  confining  the  lower  end  of  the 
wire  by  a  clamp.  The  wire  is  then  drawn  from  its  position  of  equili- 
brium and  suddenly  let  go.  The  vibrations  which  it  then  makes,  shown 
by  the  dotted  lines,  are  transverse  to  the  axis  of  the  wire.  Torsional 
vibrations  are  produced  by  turning  the  weight  around  its  vertical  axis ; 


sented  in  the  figure ;  if  now  the 


I  2.  Undulations  of  Solids. 
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Qpin  liittlfig  It  go,  ihQ  torsioa,  or  twUt  of  tli«  wlre^  causes  it  to  turn  back, 
tu  iiteni«  carrying  it  bojoud  its  position  of  oqmlibrium,  until  arrested 
b|  fli«  re<si»taiico  tlio  wire,  and  these  altcrnacc  tAviatings  will  cuulmue 
witli  ft  cons  tan  tly  decfCAsitig  energy,  until  gravity,  and  the  moleculaJf 
fonx*  pf  lh«  solid,  restore  the  equiJibrium. 

308.  Vibration  of  cords. — Conls  and  wireSj  as  is  familittrly  seen 
in  stringed  instrmuoxits,  have  their  ela^titiily  developed  by  tecgbn. 
Tbe  wmsyerse  TibraitbDs  uf  &  body  are  well  Uluittratcd  by  the  simple 


iirth«  eord  Kg.  SSi,  he  dr«wn  out  In  the  mitldle  to  a  c  upoii  boiDg 
lii  g»f  iim  diutjctty  »Uf«a  it  to  ri^tum 

■•d  ia  ftt  itfl  muidmm  whea  the  cord  tiu 
the  line  of  equilibrkam  a/h^  con- 


M^scatl^  it  piL»8e«  with  m  conataDtlj  dacrnuiin^  retocltj  to  a  d  b,  wUure  ila 
awti«»ii  ift  a'l^ihiag;  U  lb«o  returisi  t'j  a/£>,  afid  «a  cc^ntliiiici. 

One  templet©  movement,  (iia  from  ttcb  to  ad  b,)  h  termed  &a  obcW- 
htmu  or  vibratiun^  and  the  time  occupied  in  perform ing  it  is  called  the 
time  of  OKcilljitioD.    The  vibratlona  of  tense  strinj^i^  are  iijochrunuua. 

3(XJ.  I*aw«  of  the  vibration  of  cords.— Calcu  hit  Ion  and  expcri- 
ment  linre  deiDt>nslnLte<i,  that  the  vlbralron  of  eords  h  in  accardance 
Tith  the  fijur  faUoor'mg  1a ws. 

1,  The  /mi ion  bciuff  ike  mme,  ike  number  of  vUfralUim  ef  n  cord  w  ii% 
hvccrMf  rafm  h  its  lemjth. 

Thmt  U,  If  OA  (•xlciidcrd  «ord,  u  of  »  Ttolin,  makes  la  «  fcriaiti  lime  a.  numW 
af  ribntitiiift  ffprpfontcd  by  1,  thoo,  in  ^tdnf  to  maku  a  anmbor  ©f  vibrAUam, 
fvpnaeblKd  rrspcctirely  hj  2,  3j  4,  the  cord  01096  b«  §.  |,  ^  u  long. 

1L  The  Umkm  btiuQ  the  mme,  the  number  of  vibration*  in  cords  of 
ike  mme  nuttcrial,  u  in  the  inverse  ratio  of  thtir  thkknfss  or  diatntier. 

Tbat  if  we  take  two  cf»rdj  or  wtr«B  of  tbe  Hame  length,  of  e«pp«r  or  utecil, 
M  tbt>M  «f  ft  piAQO,  one  «>f  wbieh  ii  twiG«  the  diameter  of  the  othcr^  ami  whioh 
Tibtmte  «qn*l  i«figtb«,  the  tinBll  ono  wilJ  m-ake,  in  tb«  iuu«  titoe,  twii^Q  &9  many 
Tlb?mtiuni  M  the  larger. 

rA<  Humhtr  ff  eibttttions  of  a  cord  ii  proportional  to  the  Mquait 
of  th£  »trt.tfhiH<f  feciijfht^ 
Tbiit  i«T  if       rcpTCMul  hy  1  ihv  number  of  rlbratioua  mAdc       a  cord, 
ctt«nd«il      »  woi^bt  uf  I.  tticQ  tlie  (tuinbi.>r  liif  TtbraLioua  lundo  by  a  ilmllar  CK>r4 
pf  ll:kr  •wno  Irogih,  in  the  smtne  tiin*,  becom^iS  respectively  2,     4,  Jtc,  wb*ii  the 
mnighi  u  inercMiMi  Ut  4,  9,  ]A|  Tbtia,  if  we  would  cause  &  girbn  eurcl,  u 

»f  %  violin,  to  ffibrato  witb  «  fuor-fold  velocity,  it  U  ooecisarj  to  itrftia  it  to 
«iKle«ai-fuld  ib«  (irlgioftl  tondati. 

♦  AH  othrrr  thimji  brimj  tqnal^  the  number  of  vibmtioni  tf  a  cord  is 
rifftf  proportional  to  th<*  tiqnirf  roft  of  ils  JfrtJeVy, 
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Thus,  if  we  take  a  cord  of  copper  which  hu  a  density  of  9,  and  one  of  cat- 
gut, whose  density  is  about  1,  the  number  of  vibrations  of  the  last  in  the  same 
time  will  bo  three  times  that  of  the  former. 

It  is  OTident  that  these  laws  apply  only  to  homogeneoas  cords,  an(* 
not  to  those  cords  which  are  covered  with  another  material,  as  a  bar; 
string  of  cat-gut,  covered  with  metallic  wire. 

310.  Vibrations  of  rods. — ^Rods,  like  cords,  vibrate  both  in  longi 
tadinal  and  transverse  directions.  If  they  are  fixed  firmly  by  one  ot 
their  extremities,  as  in  a  vice,  they  will  give,  when  set  in  motion,  a 
series  of  isochronous  vibrations. 

Elastic  rods  may,  like  strings,  be  divided  by  stationary  undulations 
into  several  vibrating  parts.  The  nodal  points  may  be  ascertained  by 
placing  upon  the  rods  light  rings  of  paper ;  these  will  be  throvm  off  as 
long  as  they  rest  upon  any  point  except  a  node,  but  when  they  reach  a 
node,  they  will  remain  there  unmoved. 

The  space  between  the  free  extremity  and  the  first  nodal  point  is  equal  to 
half  the  length  contained  between  two  nodal  points,  but  it  vibrates  with  the 
same  velocity.  Thus  a,  fig.  255,  being  the  fixed,  255 
and  b  the  free  end,  the  part  between  b  and  c  is  ~  <• 

half  the  distance  c  c'.    The  nodal  points  may  be  *^<^    J^^i|<^[^^  J2^>)<^  ji^ 
rendered  sensible  by  sand  strewn  upon  the  hori- 
zontal surface  of  the  vibrating  rod ;  the  sand  is  seen  to  move  to  certain  points, 
where  it  remains  stationary  ;  these  are  the  nodes. 

Rods  may  also,  like  cords,  vibrate  longitudinally,  and  the  nodal 
points  are  formed  in  the  same  manner.  It  has  been  observed  in  elastic 
rods  of  the  same  nature,  that  the  number  of  longitudinal  vibrations  is 
in  the  inverse  ratio  of  their  length,  whatever  may  be  their  diameter 
and  the  form  of  their  transverse  section. 

A  prismatic  bar,  vibrating  longitudinally,  undergoes  a  very  consi- 
derable increase  of  length,  which,  in  the  state  of  repose,  could  not  be 
produced  except  by  a  very  strong  tension,  while  the  vibratory  movement 
is  obtained  by  a  very  feeble  force. 

The  number  of  vibrations  by  torsion  in  rods,  is  in  the  inverse  ratio 
of  their  length,  and  is  proportional  to  their  thickness,  the  substance  in 
all  cases  remaining  the  same. 

311.  Paths  of  vibration. — The  motion  performed  by  vibrating 
rods  is  often  very  complex.  This  may  be  beautifully  seen  by  the  con- 
trivance of  Prof.  Whcatstone,  consisting  of  a  polished  bead  fastened  on 
the  extremity  of  an  clastic  rod,  as  of  a  knitting-needle,  firmly  fixed  in 
a  board  or  vice. 

Upon  making  the  rod  vibrate,  the  bead,  by  reflection,  will  produce  a  ccntinu- 
ons  lino  of  light.  It  will  bo  seen  that  the  arc  described  is  not  circular,  but  the 
rod  appears  to  be  impressed  at  the  same  time  with  two  vibratory  movements,  at 
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fi[^iW)EfaM  l»  Mffb  oibor,  mores  In  a  etirfe  produced  bj  (be  dompofiitioa  ot 
Hum  forces. 

Zi%  Vibration  of  elastic  plates. — Vibrntioua  uro  readily  exoUed 
ia«l«ilio  filates  by  the  friction  of  a  TioliD-bow  or  by  blows.  The  pinto 
MJ  1m  «unfiaed  eitber  at  it«i  cetitro  25S 
or  from  one  comer,  in  the  vice,  fig, 
236,  teeXing  xipan  n  cone  of  cork,  e, 
«nd  preAAed  by  tbe  tCTew  a,  tipped 

la  tlio  Tribratign  of  plates,  nttdal 
will  be  form4>id,  wbicb  do  not 
tpate  m  the  movem«ntit  of  tlie 
but  remaia  in  a  atute  i>f  rc^'t. 
311$.  Ifodal  Uaea. — I'hpse  nodul 
linea  aiiAwcr  to  the  nodul  p<nnt8  in 
Unear  TibratloDd,  and  if  we  suppose 
tbe  pl^^ne  to  be  made  up  of  Ci  eoriee 
of  rodi*,  these  lines  will  answer  to  tbeir  nodal  points.  Tlicy  run  iu 
TiriouB  dtrectioDB  ncroes  the  vibmtmg  surface,  the  cnottgiious  on&h 
mavln^  in  contrary  direction^c,  dividing  the  planes  into  nurncroua  por 
tions  in  oppr«iite  phanes  of  vibration. 

Tbi*  in  nbttwn  ta       257,  hy  tko  ai«^uB  -f  ami  — ,  A  B  hiding  the  vlbmling 
plkiuK,    Th«  tltin«iifi<iiiic  vf  tbvAO  tatt.>riiudc«  fribraitog  portiuTi^)^  ore  r^igulalcd 
in  thm  Atao  laaaiiiar  tJi<  tJkttBQ  n(  irihrBtitig  rodt.  257 
Tba  uuttiile  onrSt  «      n  A,  ftru  iLlwuja  bjitf  Lbo 
■IM  uf  thrfM}  in  tl)«  iutcrior.    Tbo  aodul  linoi 
vkr)*  lu  th<rir  nuntWr  amE  ptiiiitidti,  tu-CDrdtrig  Ut  ^ 
tb«  Tarut  of  tbc  pUlvfl*  tbeir  clawlicity,  thu  nsm- 
Im  of  Tibrnti'iD*,  tbti  motlo  of  rtbraiingj,  £o<  A 

1114,  Determtnatioti  of  the  position  *f 
at  the  nodal  Uoes. — The  posUiaa  of  the 
Of>dal  rintfs  may  be  determined  by  scatter* 
in^  wmd  or  otJier  fine  material  over  the  ^ 
plat*,  and  Ttbratln^,  &a  by  means  of  a 
ifii)ILn-bow  drawn  nera«i  the  edge  of  the 
plat«;  the  graltu  of  eatid  will  remain  upon  the  points  which  are  at 
rest,  and  which  are  therefore  nodal  points.  Those  which  are  uptjn 
ribrating  portions,  will  be  thrown  aside  until,  after  a  time,  they  will 
•wtfctw  qtiirtjy  down  upon  the  nodal  lines. 

It  It  obfMT«d  llial  if  fyc^'p'itliHm,  at  *oraa  o!b«r  vetj  lighl  j^tofriler,  \9  pluvcc^l 
tptm  thv  ptatM,  it  will  iwf  iitniiUtf  on  (bo?c  jiiirtif  wbicb  tir^  In  gTciil«*t  vibra- 

tiun.    Mr.  Fiwti  '   I  iltnl  tbis  fibfootnciitJii  vrns        to  itnitU  e«rr*nta  of 

»tr  pmdai»il  li'-  i<f&tk^nof  thv  plntc,  and  vrbit>b  dr<?w  tho  pt-wilcf  wUb 

for  la  *  '  {xiwder  ^tt  \\'  t>^tidunn  b  tlbpnuvi),  bke  aautl,  up*,  a 
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tbe  nodal  linef,  and  for  the  aame  reuon ;  if  the  plate  eovefed  with  sand  ia 
yibrated  nnder  water,  the  sand  collects  upon  the  most  agitated  portions  of  the 
plate,  because  of  the  similar  currents  excited  in  the  water  by  the  ribrations. 

315.  Laws  of  the  vibration  of  plates. — Obseryation  has  deter- 
mined that  the  vibratioD  of  plates  of  the  same  substance,  and  having 
the  same  degree  of  rigidity,  are  subject  to  the  following  laws : — 

1.  That  the  number  of  the  vibrations  is  independent  of  the  breadth  of 
the  laminae. 

2.  It  is  proportional  to  their  thickness. 

3.  The  Sickness  being  the  same,  it  is  in  inverse  ratio  of  the  square  of 
their  length. 

316.  Method  of  delineating  nodal  lines. — As  these  nodal  lines 
assume  various  and  complicated  figures,  difficult  to  delineate  with 
accuracy  by  common  drawing,  Savart  replaced  the  sand  by  powdered 
litmus,  previously  mixed  with  gum  water,  dried  and  pulverized  to  a 
uniform  size.  The  acoustic  figures  being  produced  with  this  powder,  a 
paper  moistened  with  gum  water  was  then  gently  pressed  upon  them, 
thus  giving  an  exact  transfer. 

This  method  gave  groat  facilities  for  the  comparison  and  study  of  these  fugi- 
tive figures,  so  difficult  to  produce  with  perfect  identity,  and  enabled  the  inventor 
to  determine  the  exact  limits  of  the  nodal  lines  and  areas  of  unequal  vibration. 


258 


f 


317.  Nodal  figures. — Nodal  (or  acoustic)  figures  have  always  a  great 
symmetry  of  form,  and  259 
their  lines  are  generally 
as  much  more  numerous 
as  the  number  of  vibra- 
tions is  greater.  The 
same  plate  may  furnish 
an  infinite  variety  of  fig- 
ures, which  pass  from  one 
to  another  in  a  continu- 
ous manner,  and  not  by 
sudden  chanf^es.  Thus  the 
figures  abcdef,  fig.  258, 
pass  into  one  another 
without  intermission. 

Many  hundred  forms  of  nodal  figures  have  been  figured.  Fig.  259  represents 
a  few  uf  those  obUined  on  square  plates.    Triangular  and  polygonal  plates  all 
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^f7nin«tf-i^  Agnres^  HtmlogoiUi  to  those  obtunect  with  sqaare  plates,  a»  i« 
in  if.  S(SO.    WiUt  eireuUr  pUtofl  it  li  obaDrrod  dial  the  nodal  lines  dittri- 
3a0 


■  Hi 


the  cirdt 


direction  of  fho  diameter, 
eqsy  ttambf  r  of  parttt  or  ioto  mora  or  le^i  rcgulnr  circukr  forain,  Itaring^  Ibo 
entn  of  tbe  plate  a*  their  comtDdti  cetitrv,  tir  la  both  of  ib«f«  {ofMt  cotablfuid, 
201  reprcMOti  thci«  different  viu-ieiifrB  of  Cuim, 

SU 

318-  Vibration  of  membraaes. — The  flejttbllitj  of  morobmnes 
nat  p«rmit  Q9  to  vibrato  them  unless  ilicj  arc  BtrctcLed  as  in  a 

2«S 


dram.  TUey  present  moJes  of 
fihmtioD  whicli  have  much  an a- 
io^  to  those  at  solid  p1atc», 
flbmllog  eitLcr  Ijj  concus'^iont 
•t  in  Lb«  dlram.  or  by  tbe  iDfiii' 
*iic0  *ibmtiiJti9  in  the  air. 
If  we  atrcich  over  the  top  of  a 
funiit'l  n  piece  of  moistened 
bladder,  and  when  it  is  drv, 
ftii«iprii4  iUe  apparatus  by  a 
biott©!  Imir.  passed  tli rough 
Ihe  cvatTiis  c^fthe  niettibrnne,  we 
can  produce  syuinii'lricad  ikhIuI 
1in(*4  u^m  Its  mrfuctft  atriivred 
miih  iiaiid,  hjr  p».i&in^  LIju  fiii^ 
gvrty  <Kiver«4  irtUi  nsalii«  u»ver  the  itAU. 
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oWrvcHl,  if  we  Vrmg  the  metnbrane  neat  a  bell  while  it  h  vibrating. 
The  aeoustiii  figures  obtained  by  the  vibration  of  mcmbnines  are  ex- 
tremely varied.  Savart  has  observed  that  Bqufire  membranes  tut 
divided  by  their  nodiU  litie^  mto  tlie  same  forma  as  flquare  plalcs  under 
tlnj  same  circums^tance?,  with  this  differetice,  that  the  vibrating  part^ 
in  the  vicinity  of  the  edges  are  smaller  for  tlie  last,  while  tbey  are 
equal  to  the  others  in  meinhranea.  Fig,  2G2  represents  a  few  of  th« 
furms  produced  in  the  vibration  of  luombranee.  It  haa  been  foun 
that  wood  and  metals,  In  very  thin  laminie,  vibrate  like  membranes, 

I  3.  UndulaUatii  of  Liquida. 

310.  Production  of  waves,— Liquids  are  cfipnble  of  af^uming 
undulatory  movements,  simitar  to  the  vibrations  of  solidji,  difleriti 
from  them,  however,  in  some  respects,  in  consequence  of  the  differen 
physical  arrangement  of  their  atom?.   If  a  depression  be  made  at  an 
point  in  the  surface  of  a  fluid  In  a  state  of  rest,  by  the  droppitk 
in  of  a  eotid,  as  of  a  pebble  intt*  water  or  by  inimergiiag  and  thea 
wjtlKtrawing  the  solid,  a  circular  undulation  will  be  pnc^ueed.  Around 
the  ptJiut  of  depression  there  first  rbes  a  circular  elevation  above  the 
level  of  the  liquid  when  in  equilibrium,  and  immediately  beyond  ihia 
is  a  circular  depression,  and  fto,  alternately,  eueeessive  eieratioDs  and 
depre&slonjs.    Thus  the  Initial  motion  will  bo  gradually  propn gated  in 
a  series  of  progressively  widening  circles ;  wave  follows  wave^  until 
opposing  causes  allow  the  equilibrium  to  be  regained,    Thns,  in  fig, 
the  light  circles  D  and  F  represent  the  elevations,  and  the  shaded 
ones,  C,  E,  G,  the  dcprcBsious  of  theao  263 
cirvMslftf  M  aves, 

Ai  in  tha  riLSti  cif  ihe  vtbrftlioni  »f 
tolidt,  &ci  i^nfirv  uiitliitiktioti  cotiBiltfl  of  * 
jthtiM  of  itvpr^j<alun,  Afiil  &ti(ither  of  d«> 
Turion.  Tljb  may  be  t\'nderoJ  more  ia- 
Ic1ti|;ibl9  by  cottcciritig  »  rertifinl  plmie, 
A  ]ii  to  xtass  tbroug;b  tlic  point  C,  nltence 
tbe  wav«s  qrig:inAto.  It  is  plain  that  a 
prugtesftire  lineal  undulntioti  will  iiriie 
Oik  it,  reacmbhujif  Oiot  of  tho  con},  fig. 
218,  Tbia  icctiaa  is  ieea  in  hg.  264, 
A'  C  and  tho  nomeacliitQr*  u««d  for 
th«  cortl  »pplies  to  itf  with  thii  diflf^rOQce 
only,  titAt  hy  the  br«»dtb  of  the  wmve  ui  ia««}it  th9  periphery  ot  m  curcle,  lad  I17 
it*  Ion K lb,  Ibe  IpDglh  of  botb  iba  eldvalAd 
atid  itrprt?p«pt3  itnrlifiiie.  (Pdin'btill.) 

Progr«Baivfi  tiadalationii  In 
Eqolds,— In  a  movement  of  the  kind 

ju«t  intlicated,  the  Quid  apEK^firn  :m  if  if 9  ffitiro  mns9  advanctd 
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f  ffuco  iho  point  of  excitntion  ;  but  this  is  a  delusion,  FloaU 
^  ptece«  wtK>J,  are  not  hurried  fortrard  on  the  sur- 
of  tli€  water,  bat  tuerel/  rise  and  fiillj  nlternQtely,  oa  tha  wavca 
Tfie  true  nature  of  the  motbu  is  such,  that  ttBah  particle  uf  tho 
(laid  describes  a  irerticftl  circle  about  the  spot  where  it  may  happen  to 
be,,  revolting  in  the  dirfietion  m  which  the  wave  is  advancing*  Tlie 
jianicle  thus  returns  to  its  former  position  in  the  aame  phtne,  one-half 
being  abtn?e,  and  the  oth^r  half  below  tho  level  of  the  fluid.  Each 
particle  of  iuid  thus  set  in  raotioo,  impart*  a  atmilar  ino\remcnt  to  its 
wataguoQS  particle,  this  again  to  the  next,  and  so  on.  But  as  a  certain 
ttflie  must  elapse  for  this  tranBmission  of  motion,  the  dl^erent  partidus 
will  be  describing  different  portions  of  their  circular  movement  at  the 
Mffie  tnomcnt.  Some  will  he  at  th#highe»t  point  of  their  vertical  circlet 
wlule  (ftli^m  are  in  an  intermediate  position,  and  others  at  the  lowest, 
g^lcig  riae  to  a  wave  which  advances  a  distance  equal  to  its  wliole 
In^b,  white  each  partide  performs  one  entire  revolution. 

F«r  iht  Mke  of  titxiplioity,  wo  trill  donsldor  ooljr  otgbt  of  tlie  tniin;  particlea 
wlbtieb  we  nmjr  cnnceive  ms  otrcu|>jrmg  the  liorisontal  eurfaco  botweco  a  luid 
Hg.  2m,    IcDugine  ibu  pjirtidn  «i  tu  be  ftt  r«atr  wlica  a  dcjcendinf  wave  ttrflcea 
iU    li  mill      d<aprc*e*^  uid  will  bogia  io  rovoWo  in  &  Torticftl  eircb  in  tbo 
4irt«tioa  of  tb«  arrow.  If  w«  oonsider  eigbb  «u«h  pArtieliM  to  bo  nituatod  oa  tho 

line  fi  w,  And  thml  aacli  par  tick  buglus  \Ls  m  oil  on  1  of  a  rcrolutiuD  later  LhtLU  lt« 
btij^hbor  oexl  on  tefi  hiiad;  ibcii  iit  the  inaiant  when  n  boa  com|^pU>trd  ohq 
•ntira  revolution^  tbd  t««ODd  will  be  otiB-eightb  beiitid  it,  xit.z  tkt  7;  the  3d, 
two-vigbihfl  bcbmd  it^  rii. :  ft!  6  ^  imd  the  fourthr  firth,  tisth,  fic?Diit^  luid  uiffbth, 
M  ili«  p<»inU  S»,  4,  3,  3.  and  I  retpeHivdy,  wbiltt  tbe  0  th  particle  u  b  tit  jus  I 
biftaaUlf  to  UOTB.  CoDD<«ct  tho  points  a,  7,  5,  4,  Z,  2,  h  f",  ^nd  the  lino  will 
nrpfMfat  tbe  form  of  Xk%  fluid  i^arface  at  that  iirecuo  moment  of  the  DndutnUoo. 

The  diiimeter  of  the  circle  which  each  particle  described,  ie  the  ampli- 
tude or  inlenfiity  of  the  wave,  c6  ita  depth,  and  ita  height,  eeich  of 
which  ia  equal  to  the  radius  of  a  eircle  which  any  particle  descrihca 
e  oscillatifin.  This  radius  is  longer  or  sh'>rter  according  to 
ttude  of  the  wave.  It  is  sometimes  twenty  fe-ot,  which  mukea 
ft  very  high  wave,  probably  the  largest  which  ever  occurs  on  tlie  ocean 
in  a  violent  Htr>rni,  unless  it  lie  those  waves  which  have  been  i  a  creased 
hj  the  ac^ouQiulatlon  nf  wave  upon  ware, 

321,  Stationary  wares. — Stationary  undulations  may  be  prodm  cd 
by  f.xcttiug  wave-3  ia  a  elreular  vusscd^  from  its  central  point.  The 
wavM  b<?ing  reflected  from  the  circular  wall,  will  produce  another  scries^ 
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which,  combined  with  the  first,  will  produce  the  effect  of  a  stationary 
undulation.  So  also  they  may  be  produced  on  a  surface  of  a  liquid 
confined  in  a  straight  channel  by  exciting  a  succession  of  waves,  sepa- 
rated by  equal  intervals,  moving  against  the  side  or  end  of  the  channel, 
and  reflected  from  it. 

322.  Depth  to  which  waves  extend. — ^Waves,  or  undulations, 
are  not  only  propagated  laterally,  but  also  in  all  other  directions.  It 
has  been  ascertained  (by  the  Messrs.  Webber)  that  the  equilibrium  of 
the  liquid  is  not  disturbed  to  a  greater  depth  than  about  three  hundred 
and  fifty  times  the  altitude  of  the  wave. 

323.  Reflection  of  waves. — If  a  series  of  progressive  waves  are 
arrested  by  impinging  against  any  solid  surface,  they  will  be  reflected 
again  from  that  surface  under  the%ame  angle  at  which  they  struck  it 
This  reflection  of  waves  is  occasioned  by  elasticity,  and  obeys,  precisely, 
the  laws  which  regulate  the  impact  of  elastic  bodies. 

Since  this  law  applies  to  all  the  rays  which  constitute  the  breadth  of 
a  wave,  the  path  of  a  reflected  wave  may  readily  be  determined  by  a 
knowledge  of  the  surface  and  the  angle  of  incidence.  If  the  wave  is 
linear,  (that  is,  if  the  line  resting  upon  the  highest  point  of  the  elevation 
at  right  angles  to  the  direction  in  which  it  is  moving,  is  a  straight  line), 
and  it  meets  a  plane  surface,  it  will  be  reflected,  and  return  in  the  same 
path.  If  it  meet  the  surface  at  an  angle  of  20°  or  30°,  it  will  be  reflected 
at  the  same  angle,  on  the  other  side  of  the  perpendicular  to  the  reflect- 
ing surface. 

324.  Waves  propagated  from  the  foci  of  an  ellipse. — If  the 

vessel  is  in  the  form  of  an  ellipse,  and  a  wave  originate  at  one  of  the 
fuci,  all  the  rays  will  converge  so  as  to  fall  266 
simultaneously,  after  reflection,  on  the  other 
focus. 

Fig.  266  represents  an  cllipao,  of  which  F  and 
F'  are  the  foci,  which  have  the  following  property. 
If  lines  bo  drawn  from  the  foci  to  any  points, 
P,  P,  P,  in  tho  ellipse,  these  lines  will  form  equal 
angles  with  the  ellipse  at  P,  and  their  lengths 
taken  together,  will  bo  cqaal  to  tho  major  axis 
A  B.  If  we  suppose  a  series  of  circular  progrcs- 
pivo  waves  propagated  from  the  focus  F,  their  rajs 
will  8trikc  successively  and  at  equal  angles  upon  the  elliptical  surface,  as  at  tho 
points  P  P  P  ;  they  will  bo  reflected  in  the  direction  P  F',  towards  the  other  focus. 
But  as  all  tho  points  of  tho  same  wave  move  with  the  same  velocity,  they  will 
all  reach  the  focus  F  at  the  same  time,  for  the  distances  they  pass  over  are  equal. 
Hence  it  follows,  that  each  circular  wave  that  expands  around  F,  will,  after  it 
has  been  reflected  from  the  Rurfaoe  of  the  ellipse,  form  another  circular  wave 
around  F'  as  a  centre. 

325.  Waves  propagated  from  the  focus  of  a  parabola.— If  the 


OF  1I3fGl7LATIONS.  247 

^BB|^  *  (ktirabola,  »t)d  a  wave  ongmate  at  Its  foeus,  dl  th&  rajs 
PH^^^M0«<*tlu0,  piksa  in  parallel  Un«».  Or,  if  tlio  m^s  impinge  in 
fl|[MHWHit  Uttsj  wiU,  nf^or  reflectiun,  coci verge  to  the  focus, 

MT  rtt|ir«f0i]U  tlit  parjtholic  cntVQ.    Tbo  point  V  is  ils  veptc*,  ib«  litis 
VM  iu  mM,i».    Tbe  poini  F,  upoa  Ike  ttxif,  ie  ttc  fwua.  and  tiod  ibe  follt>»iug 
ftvptwij.    If  Uaej*  bo  Jrawu  frnm  the  focus  l-o  any  potQtSi  26" 
?,  ifl  tb«  ettf  re,  VLJitl  6ihrr  tttia?  b«  drawn  from  the  pniats,  P, 
irwrt^ly  psrftyd  Uif  the  aiii  V  M,  metrting  Uned  W  \\\  drnwD 
ptrpattdiimlftr  io  tbe  uxin^  Ibe  lincii  F  P  mnrt        will  b«  iD' 
tilatBtl  At  '  •  :  ^  to  t!ie  L*ur¥e  al  tbo  point  P,  and  tho 

IBB  -ii  til'  'A-iil  1x9  cviTywhtre  tfae  •amo,  ITaiico 

b  a«]'      l1'  lu.  ^T  'l.  ia  Uie  ease  of  tho  eUipae,  tb»t  if 

%  nrkt  of  pro^«tirc  W4r«i  be  propAgAted  rrom  the  fcK!iu 
Ft  tbcM  ware*,  aA<«r  «tril(hg  tb«  eurTo^,  will  b«  refioctedj 
14  ti»  f«»nBi  A  ««riea      pitxaliel  itraiglit  wavet^ 

r,  it  18  «viilent  that  if  two  parubnlas  face 
I  io  at  to  hAve  tlielr  axo»  (joincideiit,  a  sjfl- 
of  progressive  circular  wav$B^  issuing  from  one  fucns,  will  he  fol- 
Wined  bj  a  corres^poiiding  ajste'm,  having  fur  its  centre  tlie  other  focus. 
Fur  if  ji  seriw  of  pnrallel  straight  wares  strike  a  parabolic  surfaeep 
Uieir  reflection  would  form  a  series  of  circular  waves,  of  which  tho 
ctntr*  would  be  the  focus. 

fUifs  rpflected  from^ spherical  surfaces,  whose  extent  Is  stnall  com- 
pared Willi  iheir  diameter,  vrill,  in  their  directioiij  Dpproximato  closelj 
to  IhoAe  reflect^tl  from  a  parabulic  boundftry, 

326.  Ciroular  waves  reflected  from  a  plane. — If  the  diverging 
njs  of  a  circular  wave  faU  u^m  a  plane  surface  ut  right  angles  to  it, 
thdr  path^  after  refieotLon,  is  the  Etamo  m  it  would  hare  been  had  thcj 
ortgiaAteil  from  a  point  on  the  opposite  side  of  2<^S 
Ihtt  plane,  and  as  far  back  m  the  pttiotof  origiu  < 
itwlf ;  that  i,^,  the  form  of  the  re  fleeted  wave 
win  h<!  the  reverse  of  the  incideot  wave,  for  the 
whkh  first  Etnke  the  surface  will  be  re-  c 
I,  and  will  have  returned  to  the  fiattte 
m  tbn  iKjrfuco  al  tb©  time  when  tho 
tait  njA  meet  it,  that  these  hi«t  mj$  were  at  the 
nwmeRt  when  the  fir.'it  were  reflected. 

Tbttj<  tttt>p<)«*  ih*  wtvtf  31*/.  prooMdint;  froni  the  ceiitre  flg.  2fi8,  fmpinges 
no  the  ptan«  ftirfiM^f.  The  form  of  tfa«  Wftm,  iif\er  pclJoeiion,  wUl  b«  tlio 
wmn  tliai  it  w*mld  li»v«  hvnn  Un-tl  il  proreeJenl  ffum  e',  on  the  other  iide  of  */, 
(at  thit  »iune  ikiattkUf^),  It  is  evti«Dt  tbnt  with  »  cini^utiir  ware,  all  it*  poLnts 
v^nant  tint'lin{;<<  mI  thv<  fmmi*  tiint«on  b  t^1afi«,  tbi^rtffore,  tbi;  porUoni  In  advance  wiU 
ttti|4iic«  tii'^U  i^"')  I^Tui  he  XT-tleeiett ;  ami  whe^n  n  impinges,  tho  raji  at  ft  ntid 
f  ti«T«  Killt  t*>  ((0  tltrrtunh  lUf  «U«tun«!«  «/  #>  and  9/,  Iwfure  they  eao  be  rofieetedj 
Init  in  1J14*  ipa««!  of  time  rfK|nircrl  for  thU,  Uie  raj  at  9  will  bare  r«tanie4  to  tb* 
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poniL  k,  la  the  mmo  wajr  it  ma.j  He  sbowxi  thai  ilia  itit«mecliA.tB  iMjt  trill 
rclarft  tt>  ijjtemierlia.t«  pOiitiortSf  sdii  fouiiJ  ia  the  line  t  I  f,  f jmtnctricftlly 
iiturttcd  to  tbo  lint!  e  ti/,  ia  which  thoy  trould  Ijjito  beim  bml  riitsy  not  b«en 
rcllt^L'tcd  from  iha  {iIiluc.  AbJ  ll.  rurthcr  folio wb,  thul  tbe  ceatrii,  v>(  tbo 
r«a&i>?tcd  wave  dk^,  is  OS  far  from  e/,  i«  the  centre,  af  the  lucid'ODt  waTe, 
*  «/,  but  Oh  Lhc  oitpoeitc  fide  of  the  tucdiou  pliUie,  «  a/. 

327.  Combination  of  waves.— Where  two  systems  of  wavefl, 
ooiiiing  from  different  centres,  meet  each  other,  sevorftl  effects  mny  fol- 
low, iiecordmg  to  the  mode  of  meeting,  which  curbiifily  illualrate  the 
pribciples  of  undulatton  in  all  tlepartuieuts  of  physios.  1st,  If  the 
elevntlons  of  the  two  wiives  comoide,  tind,  oensequetjtly,,  their  depressiotia 
(lIbo,  then  a  new  wave  will  be  fortned,  whose  eie^ationa  and  depreseioDn 
will  be  the  turn  of  thofie  of  the  two  nri|;lDnia,  2rt.  If  the  two  wuves 
of  ecjua!  amplitude  are  m  aopeHnipoiscd  thut  the  rerorse  of  the  lo^tcase 
h  true,  t.  c,  tlmt  the  elevation  of  ooe  fits  the  depreesioD  of  the  other^ 
then  both  waves  disappcftr,  and  the  aurfucc  remalDa  horizontal.  Or, 
3d,  if  one  wave  has  greater  amplitude  than  the  other,  and  the  two 
waves  meet  in  the  same  phu^e,  then  the  resulting  wave  will  have  m 
lieif^ht  equal  to  the  diSercnee  between  the  greater  and  the  less. 

Corobitiations,  and  hUerJerence  of  waves,  are  of  universal  occurrence 
in  all  media,  in  which  force  of  anj  kind  h  propa^ted  by  undulatmBa, 

328.  Interference  in  an  ellipae,— Thetwoftjittemaof  wave*  formed 
by  an  elliptical  surface,  and  propagated,  one  direclly  around  one  of  the 
foci,  and  the  i*ecoiid  formed  by  refleo- 
tioQ  artmnd  the  other*  eihihit  not 
only  the  phenomeria  of  reflection, 
but  also  of  interference.  These 
phenomena  are  represented  in  fig, 
£&9,  where  ti  and  are  the  two  foci. 
The  utrongly  marked  lines  are  the 
elevations,  the  more  lightly  traced 
lines  are  the  dcpresaions,  the  p<jiiits 
where  the  more  strongly  marked 
cirelea  interaect  the  more  faintly 
marked  circled^  are  points  where 
an  elevation  coinctdea  with  a  de- 
preision,  and  are  therefore  pointa 
of  interference.  TUo  serlca  of  theie  points  form  linet  of  interfetcnoo 
which  are  indicated  in  the  diagram  by  dotted  linea,  which,  m  will  be 
Been,  arrange  themaelvea  regularly  in  the  form  of  hyperbola  and  ellipaea 
about  these  foci. 

329.  Undulations  of  the  wate»  of  tb«  globe. — The  andulationg 
produced  in  the  oceana,  lakeji,  rivers,  and  other  large  colleettonB  of 
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the  Biir&ce  of  the  giobt.%  are  of  extreme  importance  in  thi 
IdMOfilf  of  nature.  not  ^ntcr  pof^sosSf  aa  a  conftcqucnt?«  of  tbe 

nobility  (t£  it»  particles  omon^  each  otlier,  the  property  of  biding  thus 
let  in  motiuti,  the  ticeim  wouU  boog  be  tentl^&red  putriii  by  the  decom- 
|xi«ttion  i>r  ihci  tnaas  uf  organized  matter  it  contains.  The  pritidpul 
oau»e  whiuh  produces  thorn  undulations  OD  a  motjlerate  scule, 
it  the  motloti  of  tlie  atmosphere.  On  a  large  scale  they  are  produced 
lij  Ui«  oombioed  effects  i*t  the  attraction  of  the  sun  au^I  moon  upon 
ihm  iiir&ce  of  the  occ&d,  which  causes  the  ebb  and  tlaw  of  tidea. 
IKSereocM  in  tempera  tit  re  and  density  of  the  waters  of  difTereut  parta 
<kf  ocean,  cause  currents,  by  the  eWorts  of  these  waters  to  assume  a 
Jtole  tft  eq;ailibrium ;  and  la$tly»  the  rotation  t*f  the  earth  upon  its  axis, 
lentiDg  the  constant  easterly  curreni,  A  full  diacua^ion  of  these 
queBtioDB  belongs  t^j  Physical  Geography. 

I  4.  UaduIatioQis  of  Utaatic  Fluids^ 
Wavee  of  condeQaation  and  rarefaction. — The  undulations 
of  liquids  already  described  (319)  are  surface  wave^j.  Utidalutions  of 
the  same  kind  may  uleo  be  produced  in  elastic  fluIdSi  Elastic  flitidg 
arc  aleo  subject  to  undulations  of  &  totally  diflbrcnt  kind  called  wami 
o  f  condmsaiion  and  wares  of  rarefaciion.  Such  undulations  are  due 
to  4*l»Aticitj",  and  are  produced  in  air  and  gases  by  any  diatorbance  of 
density^  If  any  elos^tic  Suid  be  compressed,  and  again  suddenly 
rtlterod  from  compression,  it  wiH  expand,  and  in  it^  expansion  exceed 
jfji  former  Tolame  to  a  certain  esteot;  after  which  it  will  again  con- 
tractt  and  thus  oscillate  alternately  on  cither  Bide  of  the  position  of 
repoee.  It  in  obvious  that  we  muist  regard  these  undulationF,  or  pulacs 
of  air,  a«  extending  equally  in  all  directions  in  the  free  air,  and  limited 
only  by  tho  walU  <.»f  the  conrntntng  veaael  or  apartment  when  the  air  is 
iDoaflned.  Therefore,  the  efTecta  of  the  united  oscillations  extend  equally 
ooorfte  of  radii,  from  the  centre  to  every  point  of  the  surface  of 
tpheiv. 

331*  UndttlatloM  of  a  sphere  of  air. — ^The  oscillations  of  air  will 
be  confined  to  the  Hpbere  in  which  they  commence.  When  aij 
i*  first  contracted,  an  eS^rlal  shell,  bounding  the  sphere  of  contraction, 
^«xpafidt,  and  heooraes  thereby  less  denBe  than  when  id  equiUbrium. 
upon  the  expaomon  of  the  original  sphere,  the  buundiujg  shell 
»totraets,  and  becomes  more  denae,  in  virtue  of  its  inertia  and  elasticity, 
ik  e:tt«rior  shell  of  air  thus  acta  upon  another,  external  to  it ;  this  in 
turn  on  anotlicT,  and  m  on,  and  thus  the  initial  fufce  i«  propagated 
tt|K*n  Buccewive  concentric  portions  of  air ;  ita  effects  becoming  leps 
marked  with  eoch  enlargement,  until,  like  the  ripple  of  a  wa?e  of 
water,  it  btoomes  too  evaneM^ent  to  be  appreciated.  Compare  {  653. 
24 
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c»lljr  Afimpd  the  (jrigin*!  cent™  v>(  dblufbancc^  i*  perfectlj  wiJof out  %o  m  »em« 
of  drealftr  wmvei  rormod  ground  «  poiat  on  th«  eurfwe  of  a  liiioiil.  Tbe  tondpn- 
tatirjQ  (jf  th«  vl&flUe  Suit!  lifliiig  jutAlogQus  to  tb«  elcTiatioQ  of  a  iuiftjee  ware,  itnil 

Th«  rt^liof  of  the  botlow  tpbcrv,  or  the)  dtitaa««  the  undulatiaii  hftd  tnrented 
irben  tlie  first  pftrtirloB  reiutned  a  poaitioD  of  rest,  U  called  lh«  length  or*  ««re| 
llio  entire  sphi^ro  <^onipriiied  vrUhtu  tbca«  limiU  coaetitat«»  «  "m-mttj  and  tbe  tiitrt 
»f  T^ibratioii  U  equal  to  tlie  time  in  which  motitm  is  propsf&ted  tJiT<»iieh  tb«  entira 
Iimglh  of  a  ware.  If  the  caiMe  wbieb  excited  the  undttlarion  eontimioi  to  operalCj, 
Uio  itrft  ware  will  expmidf  and  tbem  will  arise  a  aeeond  and  third  ware,  Jke,, 
within  tbc  flrstr  aud  conoeDtnc  with  ii. 

Tbia  radial  propagation  tif  andutatioOJ  io  lur  can  tako  place  with  Otqttil 
eit7  in  all  direotioai,  onlj  when  tti« 
fttmoipbirrc  ii  of  uatftjmi  dctifiit)',  id 
far  ai  tb^  ribriLlioDS  extcud.  If  thh 
it  not  the  cMe,  mKth  a  ware  cac&f^t 
faave  a  vpbcrical  form. 

Lot  flg.  27ti  repreaent  a  «ee(lgD  of  a 
sphere  of  air,  or  other  daattc  0uid,  in 
which  wavo4j  of  condenp^tifttj  iLud  nir«- 
r»cLt{m  hare  eKtendud  oftt wards  from 
tho  p«ntre  C|  then  the  heary  linn, 
« '/iTf  bkikf  and dtpq^mW  reprMcut 
th«  pliMM  of  gre«.t«tcQndeDsatiDa,  the 
fluer  intermediate  liaei  will  Tepneaent 
lh«  ■paces  of  greatest  rarafaction,  Rtid 
tkt  d)Jtmne«fl  m  n,  and  n  o,  t>erwi!eD  cir- 
clet of  grtabcfl  coodeDsation,  witi  bo 
the  longth  of  tho  warea. 

Mecliaziical  illnstiatloil,— Pro- 
fessor SfwU  has  contrived  the  apparatus,  ropre^etit'eil  in  Rg*  ^7\,t^  illttcdrnt^  i 
undulations.    It  coniii of  a  shaft  turned  hj  the  crauk  te«a  at  the  l«fl|  im 
which  art!  elliptical  gt«or««,  ijudibcd  2T1 
the  asift^  in  which  the  rod«  carrying  th« 
whiia  batlfl  are  tnftdo  to  rihratc  from 
right  to  left  »nd  back  afatn.  These 
groored  are  so  arranged  th«,c  oaeb  sue- 
eeatire  hall  movers  to  the  h(t  later  than 
th«  pnKcdtng:,   Tbns  tba  hails  are  »cen 
crowded  together  nt  eertAin  pftrts  of  the 
•&rie« ;  and,  u  the  orank  is  turned,  tb« 
phatifls  of  grenbeat  condensation  travel  aero*f  the  field  fxom  lefl  to  right,  while 
other  ftitnilnr  wares  are  fornted  and  contitiutilljr  suceecd  themi. 

Velocity  and  Intemity  of  aerial  waves. — The  Telocity  with 
which  such  uodulatioti^are  propa^tcd  through  the  atmosphere^  rln|vcii<)fl 
ttTi4  varies  with,  the  elusticitj  of  tlio  fluid.  WaYC^i,  both  large  wad 
email,  arc  transmittcj  with  an  equal  velocity,  bo  long  m  tho  t*lttstidty 
remttipe  the  same.  The  intensity  of  vibration,  t.  e.,  the  dimensions  of 
the  epnccs  which  the  individual  parCicles  traverse  wMte  in  ttiia  aUiteol 
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nt,  depends  yu  the  energy  of  the  dieturbitig  force,  whicht  it  is 
tTident«  hi  n,  measure  of  the  degree  of  compre&siuo  the  wiv?e. 
Z3fZ.  Interfeifince  cif  waves  of  air.^ — If  two  serica  of  a'drial  wav 
iacido  lu  to  Ibeir  points  of  greatest  and  least  coiideiiafttioti»  a  new 
of  wave«  will  he  fomicd,  whose  ^eatcat  condensation  and  rarc- 
ifl  determined  by  the  sum  of  these  points,  aa  prevailing  in  tho 
tc  antiultttions.  But  vrLere  the  eeri^a  ure  so  arningcd  that  tlio 
-ot  of  greatest  condensation  of  one  coincides  with  the  point  of 
»t  rarefaction  in  the  other,  the  resulting  series  will  have  eondoo* 
and  rarefactions  equal  to  the  difference  between  the  waves  wliiuh 
't.  If  tliey  are  cqunl,  t<itat  interference  takes  place,  oa  in  the  case 
of  nnn-elastic  JUiiid?,  and  alienee  re^uUs.^  if  the  ^^^^ave^  are  Iboae  of  tiuuod, 
Indfied  all  the  effects  described  in  tlie  case  of  waves  furined  upon  the 
rface  of  a  liquid  are  reproduced  under  analogous  conditions  in  the 
of  undulations  of  uSSrlform  bodies.  It  must,  however,  be  bomo  in 
Atnd,  timt  the»u  aerial  waves  bare  always  a  spherical  form, 

334.  lotenstty  of  waves  of  air  erpanding  freely. — The  undu- 
ms  produced  in  air  form  progreasively  increasing  spheres  (330), 
pnn^itnde  of  whose  aurface»  are  to  eaob  other  aa  the  square  of  their 
^fttdii,  or  M  the  i^quare  of  their  distance  from  their  respective  points  of 
hm.  Am  the  intenaity  of  the  wave  h  diminished  in  proportion  to 
■{>•««  over  which  it  ia  diffused,  it  foUowi,  that  the  effect  or  energy 
tif  tliMe  wares  diminishes  as  the  square  of  the  distances  from  the  centre 
ttf  propagation  increases.  So  aoon,  howcter,  as  the  radial  estenslun 
of  lh#  waTt  meets  with  any  resistance  which  reflects  the  rays  in  a 
el  or  eoQCcntric  direction,  this  rule  ceases  to  he  applicable. 


Froblenu. 
On  tbe  Iiawa  of  Vibrations, 

119.  If  a  card  of  a  girco  tengtb  mak^s  iS  ribratiant  p«r  leeoni,  what  id 
iktt  nM|i«cti;ir«  l^ngthd  of  ilmiUr  ooida  to  m&ko  A3,  frt,  72,  fll,  wd  W  vibtik- 

lUiK  If  A  (NuftI,  3  (ml  loiif»  oztcDilei]  hy  a  weight  of  10  lt»«,,  makei  90  Yibm- 
|wr  jiccuQtIr  with  wh»t  foroo  mmt  m  •imilu  cordj  2  foot  loa^,  bo  mteadsd 
ttifti  U  may  tonke  ids  tihtittinnt  pot  »««oad? 

lA.  If       irott  wire,       U-ntli  of  an  mch  in  diain«t«F  (Sp.  Or,  T  a), 
f?  ri;hrtii.Uoii«  per  »ccriDil,  what  mmt  bo  the  diftlneter  of  »  |)1adQUtii  wiro  of  th« 
Irliictti  (Sp,  dr.  3'1'2,1|  wbicti  will  ma,ka  45  ribralnjoi  [^jr  tepundT^ 
US.  An  ttau  rttd,  rtbmiiiK;  hj  iorsion,  mak^i  .10  otcUUiioai  p«r  i^cond;  li«w 
tirng«r  mntt  a  rod,  h*viag  tvica  ih«  aifttofltcrj  bo  to  iril»r»t«  (wiiU  the 


252 


THE  THBKE  STATES  OW  MATTER, 


CHAPTER  VL 
ACOUSTICS. 
1 1.  Prodaotion  and  Propagation  of  Sound. 

335.  AcoosticB. — Soand. — Acoustics  (derived  from  the  OradL 
verb,  dxoout,  to  hear),  teaches  the  science  of  sounds,  their  cause,  natare^ 
and  phenomena.  Sound  is  the  impression  produced  on  the  sense  of 
hearing  by  the  vibrations  of  sonorous  bodies.  These  vibrations  are 
transmitted  to  the  ear  by  the  surrounding  medium,  which  is  ordinarily 
the  atmospheric  air. 

Sound  a  sensation. — It  will  be  understood,  therefore,  that  all 
sound,  whetlier  unmusical,  like  mere  noise,  or  musical,  like  what  is 
technically  called  a  tone  (a  sound  of  definite  and  appreciable  pitch), 
is  a  sensation  ;  and  the  causes  which  produce  this  sensation  may  exist 
without  the  sensation  itself— that  is,  without  sound.  The  cause  of 
sound  being  atmospheric  vibration,  if  there  be  no  delicately  constructed 
organ,  like  the  car,  to  receive  the  impression  of  this  vibration,  there  is 
no  sound.  It  would  follow,  that  even  at  the  Falls  of  Niagara,  if  there 
were  no  oar  present  to  receive  the  impression,  those  gigantic  vibra- 
tions would  exist  only  as  such — without  sound. 

Key-note  of  natnre. — The  aggregate  sound  of  nature,  as  heard  in 
the  roar  of  a  distant  city,  or  the  waving  foliage  of  a  large  forest,  is  said 
to  be  a  single  definite  tone,  of  appreciable  pitch.  This  tone  is  held  to 
be  middle  F  of  the  pianoforte — which  may  therefore  be  considered  the 
key-note  of  nature. 

Noise. — The  distinctive  character  of  mere  noise  is  determined  by 
the  nature  and  duration  of  the  irregular  vibrations  causing  it.  If  these 
vibrations  are  short  and  single,  the  effect  is  that  of  a  crack,  or  an  abrupt 
explosion,  as  in  the  snapping  of  a  whip,  or  the  explosion  of  cannon. 
If  tlicy  are  continuous  and  prolonged,  the  effect  is  that  of  a  rattle,  or 
rumble,  like  the  rolling  of  thunder,  or  the  noise  of  carriages  over  a 
stony  road. 

Musical  sounds. — Sound,  in  a  musical  sense,  or  tone,  is  the  sensa- 
tion produced  by  a  series  of  equal  atmospheric  vibrations.  Noise  is 
the  sensation  produced  by  unequal  vibrations.  If  we  throw  a  single 
Ktone  into  the  centre  of  a  placid  lake,  a  single  wave  circles  off  to 
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tli«  tUmm  t  Bach  is  the  eWect  upoti  the  air  when  a  Ume  U  produt^ed. 
IT  ft  tandful  of  pebbtcii  ia  thrown  into  the  Inker  scpafitte  pebble 
it»  owD  circle,  lhe»e  eircleji  intersect  each  other  nttd  become 
to  tbe  eje :  sucb  m  tJie  eSeut  upuD  iliu  utr  wbca  a  uoise  ia 
Palling  the  string  of  a  barp  wouidi  corrt'spuiu)  to  tbe  single 
ikrowa  into  tbe  l&ke  ;  striking  a  table  or  ubair,  where  tbe  Bepa- 
ibrea  of  tbe  wood  vlbrale  unequal! j,  would  correspoDd  to  the 
kftadfal  of  pebbled. 

A  «kiir«b.lMll,  io  B  cultirBted  *«r,  la  nttUy,  or  tQonical,  rtt?tfur<iiuff  its  tU«  tones 
^m  lln  r-ibrBlini;  meUU  (fur  everj  bell  prodnc^B  muri;  liiun  uuc  tli^Unj^tiiFbiiblQ 
1riisc)ebafie«  w  ho  tLi  luutLcftl  or  unifluaical  intcrvAU.  If  the  inU<rvfkIs  arc  (mu- 
ly  ronaiilcrptt)  rlis»otiiLtidt!ji,  the  bell  will  b«  dittcot^nut ;  ir  ihcy  ure  C()ti> 
ffc«  boll  will  b«  harmoDiua^F^  Agninj  if  in  ihe.m  etinourduui  tonoa  tho 
il«  lt«  '^mj^or/*  tiiii^  bell  will  bo  cbc^rful ;  if  ihvj  bo  "  mittor/*  tbe  bell 

L  All  bodiea  producing  Bomod  are  in  vibration.— If  the 
iu«  Uk]^  ts  ftoUd,  and  presBDU  a  large  surface,  m  a  bell-jar,  Ibe 

IS  luaj  be  shown  by  jsuspeuding  a  Btuull  iTory 
g,  hj  «k  lhre«d  in  the  interior     the  jitr  A  B,  ia- 
tn  tJ«e  [Kjsitirtn  seen  in       272.    When  tbe  jar 
■SnndH  with  ft  bluw,  tbe  liall  is  thrown  from  tiie  sides, 
«{iDwn  by  tbe  dotted  line,  and  returniug,  ia  again 
roim  off,  40 d  so  cuDtiuuca  bounding^  in  ctinsequence 
the  TibrAlioo«.    A  taucb  frum  the  band  arreFts  tbe 
ry  ttiuTetnerit  in  the  glass:  the  sound  ceases, 
le  ivory  ball  remains  quieL 

(be  ««)it(jriiuiF  boil  J  IB  m  i^Imb 
t,  iu  TibratitiDB  muf  be  ib<»im 
klie  ftinxniittna  uf  tio«)Kl  lidej^  with 
is*  ttf  cmnd  smaerrd  n|}™  iU 
tbe  •ouitd  in  produced  L</  a, 
mM,  the  YibmlUins  mAf 
ic\t  by  tooL^bing  tlie  eord  b^litij 
pith  tJj«  b&nd,  or  may  bo  jcen  by 
inv*    bfVlidJI  i^T  rilig*  of  fnptf 

jiomtiDg^  conb    Im  wind   

it  i«  tbe  air  frbk'b  lh*y  <&onl&ja,  wbuee  ribr»tionii  prudufse  tbe 
tii  fvundt. 

Thl9  mur  b«  firored  by      orgian-pipe^  or  by  a  j^lati  tob«,  fig.  273,  when  « 
1  into  it  tbrough  tbe  fitot,  O.  A  iinnl]  raombrarie  of  ^uld« 
:  no  »  clri^lfk  nf  paiatelMmnl,  II,  is  pliurt.'d  niihitt  (be  tolte, 
.  I  :  Mi  J,  i.<<nxontal  imsiLtuo  by  tuuA.tii      a  tbfi^ad.    {Irains  af  si&tid 

<l  DiHiD  tb«  [Lii'iu1>T«kric.  wiiL  be  errttu^cil  ia  nod*]  Hgurcf,  proving  tbftt  lb 
ibruui  nlmy*  ihn  ribruUiry  tiior<iiii«ul  uf  tbe  aat  wbieb  tiLrrounJi  il  Thai 
Vikrwllana  kre  uut  duo  Lu  mi  ujn-irmUn^  I'ttrrontof  »ir,  It  prored  by  tbe  f««t, 
.  Um  taembranc  4oe»  not  ribmte  wbeii  it  ii  plaoed  ai>tdw*y  itf  the  leagth  of 
II* 


in 
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Iba  ttibe  [k  tiod&l  point],  bat  »bAV6  or  btlow  this  point  It  ribniN|  wad  mors 
■Lrunglj  AS  it  la  further  rtimoTetl  ftom  the  ccnUv. 

Bonnd  propagated  by  waTea,— Soand  ia  prop^Atad 
waves  of  condensatloD  and  rarofacLioti  (330),  u  sbown  in  fig*  274.  ' 

274 


TlbrittloDs  of  the  eoundipg  heW  arc  comitiunicnW  to  tht  laurrounding 
medlLim,  and  by  Txbrationa  nlternately  forwards  and  b^cUvrurda,  Md- 
tion  ifl  couimunieated  to  an  ever  inorcasimg  spherical  pjrtiyti  of  the 
medmm  uatU  it  renchej^  the  car,  hy  whiah  the  senaatjoii  q{  sound  ia 
pfl  reel  Ted. 

338.  Co-exlfltence  of  aoimd- wavei.— Man  j  Munds  may  be  trKn»< 
mitted  stmultaneouiilj  in  different  dircctiana  by  the  s&m&  mediuiQ  witb- 
out  deatroytng  each  other^  all  the  sounds  penetrating  and  croB&ing  iji 
space  without  miKlification.  In  compticated  eymphoaica,  ft  pmcticod 
ear  renilily  distinguishes  the  souud  of  each  ittatruinent.  A  very  intense 
eouud  may  overpower  a  feeble  sounds  aa  a  loud  noise  renders  tbo  littnum 
voice  inaudible. 

33!}»  Soood  U  DOt  propagated  in  a  Taoanin. — Tho  vtbmtimia  of 
elastic  botiies  dii  not  produce  an  impression  on  Ibo  oar,  unless  there 
estimts  between  this  orgnn  and  the  Roaorouri  knly  ais  uninterrupted  elas- 
tic medium,  ribratmg  with  it,  Thh  mCNlium  h  frT<linanly  Uie  atmo- 
spheric air,  but  other  gases,  vapors^  liquids,  and  solidtt,  Irojismit  sound, 
and  generally  with  a  fadlity  varying  with  thoir  dL*ti*ity. 

To  pror«  that  soup«I  if  not  prnpnfAiad  la  %  mfniftm,  plnru  qmlvr  tbe  re^dTtf 
of  M  uir-]»itmp,  «  Wll,  kv\it  in  eunstunt  vibralton  by  a  eluch-work  maT^menl, 
fig.  275*  Tbo  bell  Kppnriitna  fb«>n1f1  W  placnl  «pon  imirjilmg',^  Mbprvrite  tbs 
vitiriLttoafr  WQulil  li*  commMHli'wltJtl  t«  tht*  ijUt*  ortbn  fiir»|)otiip,^  »nJ  thnt  to  ibv 
ulr*  While  the  rectrrer  i»  fitted  iritb  nir  at  th<*  ordiunry  prc^tMre,  tl»o  simnil 
U  dt«tinot  :  n.*  (bo  «ir  ih  grttiltmllj  e^lxatiKtetl,  ibti  launil  grvwi  man  aodi 
more  r<M.-1ik'.  italU  JjnAlly,  when  a  rncmim  ii  obt«tn;«d,  It  i**  bv  b«Kr4| 

but  it  tmrnDttiiOely  refirtMl  by  •dmitting  idr  agaiii. 
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Sdund  is  propagated  in  all  elastic  bodies.— If,  in  the 
t  just  dosdribe<l,  Uie  viviyium  ijs  sojipUed  with  Iijdrugcti  gM 
(deatilj  O.OOD'2),  or  any  gna  of  leas  ticusity 
tlmn  mtoiospfaeric  air,  a  sound  will  bo  trans* 
misted  ffuin  thf^  bell,  very  fcoble  fur  ihe  lij- 
df«;g«o,  acid  increasing  aa  Uie  gaa  is  more 
deaM.  In  like  mmiDer,  a  pcrsan  wkose  lungs 
bar*  been  filled  vitli  bYdfugcn  gas,  utters 
oolj  a  sbrlU  pipipg  souud. 

Vapors,  wnXtT  mnd  other  lw|mt]«j  tranfntlt 
MHimlt  like  gftUMt  but  with  ujutrb  more  energy. 
Wbcn  twfl  hudici  tr*  a  truck  tuidttr  water,  tlio 
jpnuad  h  ctutlnct  to  n  pentoa  bftrin^  his  qat 
fiiiitf^r  w»tc>ri  or  coamiuDicfttiDg  with  tbu  frater 
hj  )i)««UB  of  ■ome  folid  Bubitaueo.  Tbe  eooductl^ 
ltdil;'  of  »uaad  U  to  gT«at  in  idlids,  that  if  wc  &ppij 
Ua«  to  ODS  end  of  »  bcftm  of  wood^  Lbs  eUgbteiit 
•1io«k,  u  ike  ■cnJeli  of  a,  pin  kt  tbe  otber  VEtr^iuitj,  isaj  b«  beard  cILBtiiictlj' 
Tbe  aof#e  of  eanoon  bft§  htea  b«sril  *  <3i«twice  of  more  ttiJin  two  huodrvd  aad 
illj  m^te,  hf  t^ppljimg  the  ear  Iq  tb«  «olld  earth,  la  s^vtrai  roiucs  in  Com- 
w^K  Eiifl&Ad,  there  iir«  ^ullerivjf  whinh  extend  under  the  «cra,  wbcrt;  tho  pouQd 
of  tb«  ware*  ij  elc«rl/  beard  irben  tbo  sea  ia  agit*t«d,  rolliti^  tli«  pebblea  Had 
bout  Jen  r»Ter  tfae  roekj  bottom  of  the  Oman. 

The  ttiu«k  from  a  cnmpmny  of  muiinanei,  playing  in  oTcheatr&npon nuioeroiii 
tintniEn'tuti^  haj  bcoD  transferfcd  to  ad  iL[>artnioDt  ia  anatber  bonte,  hy  a  cord 
fltr«icb«d  a^rofl*  tbfl  mtcrvetiiag  strcot,  fonnectlDg  at  on*  find  witb  a  suqodiug' 
ItoaHi  amt  at  tb»  otb^r  extremilj  vith  a  wooden  ho%.  On  placing  tbe  ear  nt  an 
oiicnieg  in  tbo  box,  th«  wbole  mnaleal  movement  waa  bea-rdj.  reprodoc^d  ia 
mliiikdin!,  being  traaiuikt^d  by  tbe  Yibtatiotts  tbrongh  tbe  cord.  A  bystander 
ia  tliii  aaiDc  apartinciBt.  wm  nD««ft»e)«B4  of  tb«re  being  any  performaaeo. 

Heaztng  ta  a  eeoae  depending  upon  the  car.  a  lieautifullj  con- 
ttructod  InAtrumeiit,  designed  ba  gatlier  m  the  vtbratiDiiB  of  the  aur- 
ruucidjtig  air.  This  vibratury  mc^veinent  is  communicated  to  the  at'DUStio 
Qcrre  by  the  aid  of  organs  which  will  b«  described  in  detail  at  tbe  dosft 
this  chapter. 

342.  Time  fa  repaired  for  the  txanamisalou  of  sotiiid.~Expd- 
rieiii;*  uglifies  to  the  truth  of  this  Btatemcut.  We  hear  the  blowB  of  a 
bmioer  at  a  distance  a  very  seni^lble  iatetral  of  tits e  afler  wc  see  them 
•truck.  An  appreciable  time  elapses  after  we  aee  the  da^h  of  a  cannon, 
at  a  litlifl  distance  from  us,  before  we  hear  the  explosion.  Tbe  report 
ef  tbe  meteor  of  1783  waa  beard  at  Windsor  Cnjstle  ten  minutes  after 
itft  di  nappe  Aran  ce, 

343.  Tb«  velocity^  of  all  aoands  is  the  aame.* — Tbe  Tclocltj  of 
wmnd  \n  the  space  that  it  traver&e«  in  a  second,  Therjry  demonstrates 
that  the  relocttv  of  ibe  f ibratioaa  of  t)anoroMS  bedlea  in  ibo  same  me^ 
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dtum»  18  the  Banie  for  all  laounde,  grave  or  sbarpf  strong  or  feeble,  tind 
whatever  maj  be  tlietr  pitch.  Observation  confirms  this  result,  at  It^nat 
fur  tliOEB  diataucos  at  which  oxp^f  imoots  have  been  made.  There  19  uo^ 
ooofasbn  la  the  efiects  of  musk^  a(  whatever  distance  it  maj  be  heard« 

If  tbo  different  notes  fftmultaneouBljr  produced  by  tlie  Taxioiia  inttrtiiiieiiU  t*f 
ftn  or&bcetra,  moved  with  different  velocities,  iboj  woultj  beurd  hy  a  dlsUui 
audiu^r  al  dilTereut.  tuntncDie,  ro  Ibat  a  utuoical  pcrforninnce,  «icf?pt  U>  Uiomj  m. 
iU  imiiiet3mi0  vk'inilj«  wuiiUl  ftrodQcei  only  di^cordji.  M.  Biot,  in  plajrttig  nn. 
iLir  Qpon  »  flute  nt  tbv  extremity  of  a  pipQ  of  the  M|ii,«dmet  of  Porie,  found  tUni 
tha  founds  ciime  fxi  Ihd  oLbe>r  end,  ItiLtrmg  exftctly  tha  tfrmo  iotiiirrnl,  tictiiiin* 
Blrating  that  the  diffrruijl  souuds  travcllod  with  the  samo  velocity^ 

344.  Velocity  of  »Ottad  in  air, — NumerouB  esperiments  havtj  been 
ade  fur  e&tiniatmg  thcrelodtj  of  sound;  Ibat  is,  the  sptKje  that  it 
rein  over  in  a  isecond.    The  most  extensive  and  accurate  ajBtem  of 
ipenments  were  those  made  in  1S22,  bj  the  Boaid  of  Longitude  uf 
France,  conducted  hj  Messrs,  Pronj,  Arago,  Humboldt,  Gay  L' 
and  others. 

Two  ptflcea  of  eannoo  w«rt!  uaoi,  on«  placed  at  Montlbi^'ry,  tho  otlior  at  UoA 
laftre,  b«twoea  wbicb  tbo  di«UQe«  10  tS,dl2  m.  (=  61,0lj3  t^  feet),  or  in<»r»  lit' 
:n  miles.  Tlie  dl^tihar^es  wi!re  reclprucal,  so  m*  to  &vDid  tb«  iullueocfl  of  tkm 
Wind.  Attach  «taUoQ  were  numcrtJttB  observcni,  famiabed  with  eltrwuoiuctt'Mi 
wbo  DDticed  the  titae  bettf  etn  ibe  nppcnr&nce  of  Ifae  Ugbtp  and  the  arrir*!  of  tJio 
loeiDd.  This  time  may  be  culkd  that  which  the  aonnd  requires  to  jta.fi  from  0pm 
ptation  to  aaothor,  for  the  time  occupic>d  by  the  paasagc?  of  the  light  bi.Hn<>cft 
the  two  |iuiiitft  Is  wholly  loftppreiciublo.  Tho  mean  time  requiri?d  to  iron^nut  ih^' 
•ound  woM  bA'ii  sacoaibst  By  dividing  the  di«ljiopa  batwoen  Ibu  two  iilit,(in«a  itf 
thii  nuBiW,  the  TUh)i'iiy,  p^^r  second,  h  oblaioed.  The  velocity  of  eound  «| 
61^  F.  C),  that  boiog  iho  tcmpcmtiiro  of  the  i&ttDOSphore  during  the  cx- 
perimenr^  il  lllS-3  fetst  (S-*0"gS  m.),  (for  Gl,fl(t3'8 -1- W-fi  =  llla-a -f-)  ;  yr  a| 
tlio  timpofotoro  of  52"  F.  it  would  be  nbotit  1086*1  f*oU 

Messrs,  Bravftia  and  Mftrtio,  in  1844,  h*TO  determined  thut  Ihe  velq^ 
oHj  of  sound  between  the  suramit  and  hsise  of  the  Fanlhorn  (a  lofty 
mouotaiti  in  the  Swisa  Alps)  h  the  same,  whether  ascending  or  descend' 
ing,  and  that  it  ii  1000^47  feet  per  sccoiad  at  32^  f. 

It  baa  been  dotermincd,  L  That  the  TolDcky  of  tiound  decroases  with 
tlio  temperature  J  at  50°  F,  (10°  C),  it  is  1106*091  feet  (337  tn.)  So 
that  as  tbe  temperature  la  lowered,  Bound  dlminiahe^  in  vctocity  about 
nne  foot  and  a  tenth  for  every  degree.  2.  That  at  tb«  same  tempera- 
ture the  velocity  of  eound  is  n*>t  nmterinily  affected,  whetlier  the  sky  ia 
bright  or  cloudy,  the  air  clear  or  ft^ggy,  the  haronietrio  proopuro  gre; 
or  Bmall,  provided  tlie  mt  m  trutiquiK  All  of  Dieso  eireumalaiir:e«, 
however,  exert  a  grent  xnlhience  th&  irv tensity  of  the  Bound  na  it 
feiiebefl  the  car  from  a  given  distunco.  Fogs,  snow,  Ac,  prevent  the 
free  propagation  of  Bound,  hut  da  ttf>t  materially  affeel  its  velocity,  3. 
That  ita  velocity  varies  with  the  velocity  and  dtrcetion  of  thtt  wind. 
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^45.  Velocity  of  BOttnd  in  different  gasea  ^.tid  ir^porfl. — The 
\ocitj  of  aqtintl  lu  the  different  goies,  is  m  the  id  verse  rado  of  the 
[ae^  root  of  their  densities. 

]>iilo»a2  liM  deteimljiud  enlcalatioii  the  rcWitj  of  sdund  in  ttia  following 
Kt  the  Umpenktun  of  33°  F.  Curbonlc  aeid  S60  fE«t  {263  m,),  ox^g«ii 
fMt  (317  m.),  Dlefiuit  gaa,  lfta*^2  feet  (St 4  m.),  ttif,  1092-M  fe*t  <333  m.), 
wbooie  oiyd,  1105  0  ft*t  (3.17  m.)f  unrt  hjdrofcn^  4103  feet  {I2flfl  m.),  eacb 
is  ft  tMoond,  Tbe  tb«oretical  Telocity  of  foiitid  in  rapor  of  alcuhot  mt  140"^  it, 
M3  feci.  In  TspoT  of  ir&ier  &t  154^  u  1347  f^t.  Tbo  observed  vS'Iotiltios  ar« 
f«ner»l]j  not  vorj  fkr  frr^iB  those  ^ivcn  cnlculiLtion. 

24t(i*  Calcnlation  of  distances  by  sound,— The  known  velcHjIty 
of  Afiuitl  p€r  eccood  (1H8  feet),  enables  us  to  obtain  a  close  nppruxi* 
nmtian  of  the  diatance  of  tha  aonoroua  body.  Xbis  follows  as  a  codb&- 
quence  of  tbe  very  experimente  (344)  by  which  the  velocity  of  sound 
was  ileiemiaed.  From  the  known  laws  of  foiling  bodtea  (71),  we  may 
Also,  with  the  aid  of  the  known  rclocily  of  sound,  obtain  an  approxi' 
tnAtc  cstimata  of  tbe  height  of  a  pecipice,  or  the  depth  of  an  abyea, 
fn^rcn  llitf  lime  occupied  by  the  sound  of  utiy  projeotile,  let  fall  from  tbo 
band,  in  fE^achiog  tbe  ear. 

347.  Velocity  of  soanda  in  liquids. —Sound  is  conveyed  thitiiigh 
]it|uids  a3  wt'll  m  through  ga«ea.    Tlie  velocity  of  souoda  io  liquids 

much  ^eaicr  than  in  air.  In  1827,  Messrs.  Colladon  and  Sturtn, 
cxpcriiaenting  upon  the  velocity  of  sound  in  the  Luke  of  Geneva,  found 
it  in  he  470b  feet  (1435  m.)  per  second,  or  Qbout  fuur  nnd  a  half  tiaiea 
greater  than  in  air,  at  the  temperature  of  46'* F. 

A|ril*t!oi»  ot  tfa«  vat^r,  liquid*^  fte.,  did  not  ftBiHst  oitbor  the  rapidity  or 
intent  I 'V  I  fmniL  Bat  the  interpoailion  of  folid  badkt,  tuoh  as  wallj,  or 
build >  .  u  iM  iotiddinf  bodf  (Uid  th^  obacrrer,  nlmuet  doitro)'«(l  tha 

trssttui    •      '  i     -uod  in  wa,bat;  ma.  effoct  wbicb  do«fl  not  tuke  pljice  nearly  to 

tk«  tiss  i»gtm  m  air  (3^0), 

348.  Velocity  of  aonnda  In  aoHda,— Sound  is  transmitted  hy 
solid  bodies  with  much  greater  rapidity  than  hy  air,  but  by  no  means 
with  %({uaI  vctoc;ity,  varying  atuch  with  the  eliistieity  and  densltj  of  the 
different  Bolidn,  m  well  ui  their  homogeneity  and  uniformity  of  structure. 

Wafkl^f  bumofeaeltj  ia  ftoy  mediniu  interffiroa  whh  iho  propagatioa  of  aonor^ 
OQi  TibrAtioui  Lei  »  tjill  glji^f  bv  hidf  illcd  with  chaispngnci  wine;  u  loog 
M  ttMrf  i»  liCTcrveaceniie,  luid  the  wine  contftim  air  bubbles,  a  stroke  on  th«glftaa 
fif-M  only  m  dom4  dii!a,j^r(>cablo  sound |  as  tbe  elferrcftpcnco  enWidci  tb«  ton* 
bcMtnei  «*1oArpr,  iiti<l  when  ibo  liqaid  is  tmnquil  ilio  f(\a*ii  ringH  At  umnL  The 
dulln***  nf  fuiintl  lUliidt^d  la  ts  Awiii^  U%  tbe  fu^ft  tUi»l  tilts  wlnn  whiitb  forms  part 
of  tbe  vtbrmtinj;  «3  it<;m  Itckt  bomogepcit/,  md  tb^roforo  ii  incapable  of  regular 

Thm  ouml  cXAfI  ex{»*ria]eiiUi  bare  boon  tnnda  by  Bint,  wttli  a  iieriei  iff  wtler^ 
piptj  in  t^aiUp  wbich  bad  m  leVfCb  Q>t  ^120  fi»t  (MH  m.h  A  bell  w»j  bung  at 
lb«  Mstrv  of  K  rng  of  trun,  fiMlea«d  to  Uie  mouth  of  tb9  tubo^  to  that  the 
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vibration  i  of  the  ring  would  aflfact  odIj  the  me  til  of  ib*  lube,  And  the  tI 
of  LliQ  l>eU  only  tbo  lacludcd  nir.  Wbou  ibc  ring  and  baU  were  ttruck 
naoaalyt  im  obserrorj  p^iMiBd  at  lha  alher  end,  hetrd  two  (ouiuJb;  Br«6 
tr&fismtttod  bjr  the  metiil;  tbe  Bccoud  tbo  air.  By  ooticinj^  the  inlenral  of 
time  b0tw«&a  thn  arrivat  of  th«  two  Bounds,  it  was  asccrlaiocd  tbat  tbe  TcI&dtT- 
of  propm^fttioi)  of  »outid  in  emi  iron  19  about  ID'4  1im«ii  Lbut  ubKerv-cd  in  air; 
Uiat  h,  11^609  foot  (35;{S-5  m.).  SimilAr  experinieitti  were  mada  bj  llu»eafnt« 
on  tbe  Tolocitj  of  aouod  in  atonv,  on  tli«  walSa  of  tliti  galleries  of  tbe  caucombs 
wliic^h  utidi:rlie  Pariaj  hj  obsorrlng  tbe  interral  of  timQ  bctwtieD  tbe  &rriiral  of 
itittDd  trans niittcd  bjr  tli«  atones  and  of  that  transmitted  by  the  air  of  tbe£iiHei7. 

Were  tbo  eartb  and  sun  conneeted  by  ui  iron  bur,  Dourly  three  yva.t»  would 
eljipSQ  bfifora  the  flound  nf  a  blow  applkd  at  tbe  »tm  could  reaeb  tbu  onflb^ 

Tbe  velwity  at  tbe  propagatioa  or  sound  baa  been  detcnntued  Iheorctictllj 
by  Bavart,  ChUdni,  Mutnon,  and  Wert^elm,  fVoin  tbo  nuimber  of  longfindi^ 
nal  and  traiiBTorae  Tibrattona  of  ibe  bodi&f,  or  tbeir  i^ocffifimt  of  elasticity, 
Cbladoi  found,  by  tbo  aid  of  longkudinal  vibratiuns,  that  in  woo^)*.  tbo  roloeitj 
of  sound  ts  from  ten  to  aixtcen  iiineB  greater  tbaa  tn  air.  to  mctttltt,  tL«  rolo* 
city  is  antn  vBTjablpf  bojug  fr^m  Ajiir  to  etctecD  times  4*  great  as  in  air. 

34Q.  Interference  of  iound.— When  two  scricia  of  sonorous  undu* 
lations  encounter  each  otber  id  opposite  phases  of  Ytbration,  the 
phenOHienii  of  interference  are  prcKiuced,  Tbe  undtilationB  will  beo^^me 
mutually  checked,  and  if  tho  two  souuclft  are  of  equal  intensity,  inslDAtl 
of  pmducing  a  louder  sounds  a»  mi^lit  be  expected,  they  will  altogether 
destroy  ench  other  and  produce  eileoce.  If^  howe?er,  one  uf  tbi^  sounda 
ceaseB,  the  other  is  heard  imuicdiabely. 

If  two  toundiug  bodied  wcra  placed  in  tbo  fod  of  an  ellipte,  fig.  2t^,  ao  louad 
woutd  be  beard,  if  an  ear  wu  placed  on  any  of  tbe  Viukb  of  tnterfcrenre  ttidU 
eated  by  tbo  dotted  linea,  bat  if  one  »ound  wat  stilled,  tho  otber  would  b«  bvard, 
or  If  tbo  ear  wa«  placed  betwvou  tbe  lines  of  ititerfer«n<Hi,  thea  both  lonttdi 
would  ba  beard  BiDJultaneouAlj,  aud  would  be  Itiador  tbaa  either  aJoDe. 

The  interference  of  soundtj  may  be  ahown  by  meant  of  &  oainmea 
ttitiing'fork.  276 

Wbon  iQ  tibratioo,  Ita  branchea  recede  frooii  and  ap- 
pro aeb  each  other,  as  sbown  by  tb«  dotted  liae*  in 
27*.  If  the  inat rumen t,  when  Tihrating,  If  plaoed  about 
a  foot  from  the  ear,  with  tbe  branebea  ertuidiBtapt,  batb 
sootidit  will  be  board;  for  the  waret  of  eound  combine 
tbeir  ofTects  ;  but  as  it  ia  bIqwIj  tur»«d  around,  tbe  snuod 
will  grow  roore  and  more  fceblo,  until  at  length  a  poAi- 
fcioD  will  be  fuuad  ia  which  it  will  be  Inaudible.  For,  M 
the  tuning-fork  ia  turned,  the  waves  of  «uund  Interfere,  and 
produoe  partial  or  total  iilea«e.  Thh  may  alaa  be  iliafltrated 
}fy  attaching  a  tuning-fork,  lengthwiB^,  to  any  rotating  iup> 
perL  Wboti  tbe  Turk  in  vibrating,  no  pound  will  hv  hoax4  «o 
long  ai  it  rontinuoi  to  rolale. 

350,  AcooaUo  tbadow.— Pur stms  cut  off  from  ol»- 
■ervatlon.  by  a  wall,  or  other  obsftadd,  still  hearaounda 
dUtinetly,  although  with  a  diminished  volume,  Thue  a  h&od  of 
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m  m  t^jmoent  botise,  or  neighboring  street,  Is  readily  followed  in  the 
todtM  n^lodj,  InterveDiTig  obst&cles,  therefore,  however  opaque  to 
tig^  do  not  cnsi  perfc'ct  shtuiuwe  tu  sound.  The  sound  h  sot  eattrQlj 
fa«<M,a8e  Ihe  obatacle  U  elastic,  and  propugatca  tha  vibratiuita  it 
reMtvdt  in  a  tnantier  a&alogoua  to  light  poasiiig  through  a  transluceal 

T«i  m  dittutl  obierrer,  tlio  ram-  of  &  ruilwHj  train  11b  inilanUj  huithed  on 
ttttniog  m  luQDet,,  wid  m  eaddloiilj  reaowod  on  its  omorgoDce. 

iieotistlo  ihndowB  are  much  more  distinctly  recognised  when  large 
wammmt  aa  edifiees  or  rocks,  interrene ;  so  krge  aa  not  to  en  tor  in  to 
vibniion. 

AUJiomgh  there  ia  not  complete  silence  in  tho  acoustic  ahadow,  atill  it 
in  a4>&k»gous  to  the  ubadow  of  tight,  for  there  is  never  complete  obscurity 
in  ibe  Utter  ca»e,  even  when  we  take  the  utmost  precftution,  for  the 
G^t  spreads  behind  the  obetaclea  which  arrest  tt. 

35L  Distance  to  which  sound  may  be  propagated. — The  dit;^ 
t^ot  at  which  soondfi  are  audible  dues  tiot  udmit  uf  precise  measure- 
mcoit*  Ja  general,  it  may  be  stated,  that  a  sound  wilt  be  hcurd  further^ 
Uac  greater  ite  origiDal  intensity,  and  the  denser  the  medium  in  which 
it  i»  propagated^  It  also  depends,  greatly,  on  the  delicacy  of  hearing 
of  different  individualfl.  The  intenfiity  of  aound,  liite  that  of  all  forces 
acting  in  lines,  diminishes  in  the  ioverse  ratio  of  the  eqaarc^  of  the 
diitance  of  the  soimdtng  body.  Thu«,  if  the  linear  dimensions  of  a 
tliMtre  be  doubled,  the  volume  of  the  performers'  voices  at  any  part  of 
the  cbcumference  will  be  diuiinifihed  in  a  fourfold  proportion. 

TbftI  this  difference  of  tliD  tkgitAtlng  ImpredatDa  ia  tlie  trae  puusci,  ii  Bhuwn  by 
fpnAolag  Ui«  »ir  on  ^11  «ide«  m  *  tub*.  Biot  experimented  with  2M\>  feet  of  tha 
-pipes  of  Patij.  At  tbia  duUiae«  tli«  lowest  wbifiHr  mad«  at  on«  end  wM 
nlcly  he&ril  it  the  other  extremity  of  the  tabft. 
A  p<>weH1iiI  haman  Toie«  in  tha  open  air^  at  the  ordinAry  tcm[>eriirlare,  if 
M^DPble  at  tla«  dj»taa«e  of  Horea  bundled  feet.  Id  «  fru»iy  iii,r«  UDdiaturbed  hy 
wiedA  et  cartent,  souad  ii  be^rd  at  a  tnneb  greater  dtAtaace  with  lurpming 
^liitcUi««a,  Li«ut>  Forster,  in  the  third  polar  expedition  of  C»pt.  Parrj,  b«M 
A  «ota««r9alJon  with  a  man  acroii  th«  harhor  cjf  Port  Bowiea,  a  distance  of  one 
a  (|«*rlcr  milei.  Pr.  Yoniag  f  tato*,  on  the  antbority  of  D^rham^  that  tha 
word  **  allV  well"  htit  hmn  di«tiDi?tly  board  rroia  Old  to  Ifew  CJibraltar,  a 
iMM»99  €<r  tea  mi)e«.  The  marcbing  of  a  company  of  sutdieri  maj  be  beard„ 
aa  a  •tilt  night,  at  from  five  hundred  and  eight j  to  eight  bundred  and  thirty 
I  a  iif|tiadraa  ^l^  eavalry  at  foot  pace,  al  serea  hundred  and  fifty  paoes; 
Kr  or  i^siiQpia^,  {^no  tboiuatid  and  «i^bt7  pacea  dltt&nL  Wbeo  tit«  air  !■ 
IT  I  rt  nf  a  miiaket  ia  audible  At  aigbt  tbciuaand  packet.  Tha 

ttt  Waterloo  wna  hoard  at  Dover. 
Root.  .  ;i    .  ron  tbernrl'h'i  surface  than  ihron^h  the atmoaphero^  Thu* 

il  ia  aaU,  that  At  tbo  kic^o  of  Aiitwcrp  in  18,12,  the  ^mnonndiag  waa  bc»rd  ia  tba 
of  Saxony,  which  af^abQut  thro«  handrod  aad  aisveaty  niilw  dialaibL  Tb« 
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cannonading  at  the  battle  of  Jena  was  heard  feebly  in  the  open  fields  near  Dres- 
den, 92  miles  distant,  but  in  the  casemates  of  the  fortifications  it  was  heard  with 
great  distinctness.  The  noise  of  a  sea  fight  between  the  English  and  the  Dutch 
in  1672,  was  heard  at  Shrewsbury,  a  distance  of  two  hundred  miles.  Sound 
has  been  carried  by  the  atmosphere  to  the  distance  of  three  hundred  and  forty- 
five  miles,  as  it  is  asserted,  that  the  very  violent  explosions  of  the  volcano  at 
St.  Vincent's  have  been  heard  at  Demarara. 

Sir  Stamford  Raffles  records  however  a  similar,  though  much  more  extraor- 
dinary, fact.  The  eruption  in  Tombers,  in  Sumbawa,  was  perhaps  the  most 
violent  volcanic  action  recorded;  occasional  paroxysms  were  heard,  he  says, 
more  than  nine  hundred  miles  distant. 

352.  Reflection  of  sound. — When  the  waves  of  air  on  which  sound 
is  being  borne  impinge,  in  the  course  of  their  expansion,  on  a  solid 
surface,  they  will  be  reflected  from  it,  agreeably  to  the  laws  regulating 
the  impact  of  solid  bodies  (112).  Their  return  is  made  with  equal  velo- 
city, and  under  an  equal  but  opposite  angle  to  that  under  which  they 
advanced. 

Let  a  spherical  wave  whose  centre -is  at  S,  fig.  277,  encounter  obliquely  a 
plane  surface,  a  0,  separating  two  media  of  different  density,  a  portion  of  the 
sound  will  be  reflected  as  though  it  emanated  from  277 
the  point  S',  as  far  behind  0  as  S  is  in  front  of  it, 
and  while  a  it  would  hare  been  the  surface  of  the 
wave  if  the  reflecting  medium  had  not  intervened, 
a  n'  will  be  the  wave  surface  of  the  reflected  sound. 
Take  any  portion  of  the  incident  ware,  as  6  m,  lot 
bp  =  ma,  when  the  surface  of  the  incident  ware 
reaches  a,  a  wave  starting  from  a  now  centre  of  vi- 
bration, b,  will  have  extended  to  the  circumference 
described  upon  bp;  similarly  a  now  vibration  start- 
ing from  c,  will  describe  the  circle  of  which  c  9  is 
the  radius.  In  the  same  manner,  vibrations  start- 
ing from  every  point  of  the  line  a  0,  will  make  up 
the  compound  ware  surface  o  n',  whose  centre  is  at 
S',  aud  which  ia  tangent  to  all  the  wave  surfaces, 
whoso  radii  are  c  q,  bp,  Ac. 

353.  Echo. — An  echo  is  the  repetition  of  a 
sound  reflected  by  a  sufficiently  distant  object, 
so  that  the  reflected  is  not  confounded  with 
the  direct  sound. 

The  car  cannot  distinguish  one  sound  from  ano- 
ther, unless  there  is  an  interval  of  one-ninth  of  a 
second  between  the  arriral  of  the  two  sounds.  Sounds  must,  therefore,  succeed 
each  other  at  an  intcrral  of  one-ninth  of  a  second,  in  order  to  be  heard  dis- 
tinctly. Now  the  velocity  of  sound  being  eleven  hundred  and  eighteen  feet  a 
second,  in  one-ninth  of  a  second  the  sound  would  trarel  one  hundred  and  twenty- 
fuur  feet. 

To  have  a  perfect  echo,  therefore,  the  reflecting  surface  must  be  at 
least  sixty-two  feet  from  the  sounding  body.    (62  X  2=  124.)   If  we 
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ip«sk  a  aentencc  nt  the  distance  of  sixty-two  feet  from  the  reflecting 
iurf»c«,  we  sliull  Umr  tUe  who  of  the  last  sylhiMe  only.  If  twice, 
ihtiffl,  fit  fi>iir  timea  the  dintatice,  two,  three,  or  funr  of  the  py  I  tables 
will  be  cohucd,  tlie  ilirect  Bwuntla  ami  refletited  sniind  of  the  otiicr  syl- 
Ubleii  of  the  seiiteiice,  Ijcitig  eonfau ruled  with  each  other.  If  the  re^ 
flcv'tliij;;  mirfiice  if  nt  fl  \m^dhlnncQ  frutn  tlio  soundhig  body  than  Bixty- 
tro  feet,  the  direct  sourid  And  the  reflected  sound  become  confuaed,  m 
thai  word**  and  tonea  canout  be  heard  distinctly.  The  original  fiomid 
will  then  be  ppjlonged  and  strengthened  ;  nu  effect  which  wo  ei proas 
Uj  Knying  there  ia  resonance.  If  tli«  distance  h  comparatiTely  small^ 
M  io  4  eammon-fiized  room^  tiie  sounds  retieeted  from  the  wiiUs,  the 
ceiling  And  the  ^mr,  reach  the  our  at  almost,  exactly  the  same  linie  as 
the  dirwt  suuud,  and  the  ap|uT.reiit  power  of  the  voice  is  strengthened, 
lje»ide«  prcHcrring  Its  dyliyary.  Whnre,  howeverj  the  npartiiient  m 
Jwger,  th<?  direct  sound  only  partiaily  coincides  with  the  reflected 
iKJuiaid,  and  more  or  less  eonrualon  armes.  Yuiees  are  heard  in  a  re- 
marks bly  sonorous  manner,  in  lurge  apartments  with  hard  walls,  while 
draperies,  hangiDg^j  carpets,  Jfce,,  aUiut  a  room,  smother  the  sound, 
littemiae  these  are  bad  reflectors.  A  crowded  audience  has  a  simUar 
rfTcet,  and  increa^^e^  the  difficulty  of  speaking,  by  presenting  eurfacea 
ttofaronible  to  refleciiutj, 

354.  Repeated  ecboes.— Repented  or  mnUiplied  echoes,  are  tho«o 
wbieh  repeat  the  same  sound  many  times.  Thia  happens  when  two 
obtteclea  are  placed  oppo»iite  to  one  another,  as  parallel  walls,  for 
eianiple,  which  reflect  the  sound  aucceasively. 

A  striking  and  benutirul  effect  of  echo  Im  produced,  in  certain  looali- 
tie«,  by  the  Swiss  njonnlaineer^  who  contrive  to  sing  their  Ram  dm 
Yachc*  in  such  time,  ttiat  the  reflected  notes  form  an  agreeable  accuiu- 
panim^nt  to  the  air  itself. 

TbflTo  U  turfmsmg  t<:\m  hriw^u  two  hnrni  Bclvidcr*,  AlloghoDj  croimtj, 
K  V.    It  eleven  tiiiica,  ■.  Trord  of  oitb«r  ooe,  two,  or  three  iyllAbldJ ; 

Mil  liu  Uku  hcarri  to  repeat  ji  thirt««»u  times.  By  ploc^ing  oiKkeelf  in  Lbi)  ocntre^^ 
ti«i««jt]  Ui«  Ima  biiriii,  %  <luutito  echo  b  lica^ril,  on^  hi  ibi>  dir««U«n  «f  aaah  \axUf 
tad  A  taoaoji  J  liable  It  ihm  n7pcnt«d  twc'Dlj'-twu  Utac«. 

At  AdttULMh*  \n  B»)i«ntiAi  Ibt^ro  \t  ma  eebo  wUieh  rcpoats  aereu  sjUubli^f 
Ibrw  tinn* ;  m%  Wuod^lOL'k,  In  EDgtaod.  tlioro  in  one  whkb  r«|»«iii«  a  »ocinil 
Mrteuteeii  timtf*  tluritig  lhc«  <lnj,  and  iwvnt/  timvt.  ttiiriti^  Uj«  tiig^hU  An  e(fb<»  m 
U>«  VitI*  Stutnticttm  nt'iir  Mila.ii,  b  inid  lo  ix^peat  n  0U«.rii  fiouud  \.h\fiy  ils^u 
antllbljr, 

Tbe  mi>«t  o«1<'b'rt.tQd  «obt}  ftSk^eg  the  »tiei»nU,  waa  th»t  «»f  tbw  Miitdli  at  Home, 
lyjiidb,  krirordifif  to  trutlitUm,  wwr  cA|iabl«  (»r  repeating  the  Gr«C  lioe  of  tho 
■fiiUU  <:ottU.iiilA£  Bfte«D  i/lltklilei,  «ighll  tilDCl  dlvLinciljr, 

835.  Ctiange  of  tone  by  echo.— Dr.  Cbrw-  a.  Pug*  tkacrUwsi  an  ijcbo  hi 

FairfaK  conhii,  ViT^riwtA,  wlucH  fW«»  tbrcc  itisiinf^t  ruQcction«,  lb«  •tromJ  ocb-n 
»acb  tb«  iti«)tti«t,    Tweuly  ptayed  up<»n  a  Out«,  ure  TDlurned  with 

ptrlbtt  daamea*.    But  the  mo«t  •ingnUr  |>rop*^rlj  «<^ho  U,  UiAt  aota  t 
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notes  in  the  scale  are  not  returned  in  their  places,  bat  are  supplied  with  other 
notes,  which  are  either  thirds,  fifths,  or  octares. 

356.  Whispering  galleries. — Whispering  galleries  are  so  called, 
because  a  low  whisper,  uttered  at  one  point  in  them,  may  be  heard 
distinctly  at  another  and  distant  point,  while  it  is  inaudible  in  other 
p  )BitionH. 

Such  galleries  are  always  domed,  or  of  ellipsoidal  shape ;  the  best  form  is 
that  of  the  ellipsoid  of  revolution.  In  such  a  chamber,  whispering  in  one  focus, 
is  very  audiblo  to  a  person  at  the  other  focus,  because  the  nndnlations  striking 
upon  the  walls,  are  reflected  to  the  point  where  the  hearer  is  placed,  while  in 
any  other  position,  a  feeble  sound,  or  none  at  all,  will  be  heard,  because  only  a 
part  of  the  reflected  sound  will  reach  the  ear  at  one  time.    (See  fig.  266.) 

One  of  the  halls  of  the  museum  of  antiquities,  of  the  Louvre,  at  Paris,  for- 
niahes  an  example  of  such  an  apartment.  In  the  dome  of  the  Rotunda  of  the 
Capitol  at  Washington,  is  a  fine  whispering  gallery.  The  principal  room  uf  the 
Merchants'  Exchange,  in  New  York,  is  of  a  similar  character,  and  at  the  same 
time  afi'ords  a  painful  example  of  confused  echoes. 

The  now  Halls  of  Congress,  at  Washington,  and  the  Lecture  room  at  the 
Smithsonian  Institution,  have  boon  designed  with  special  reference  to  the  best 
form  for  public  speaking,  and  to  this  end  an  elaborate  series  of  experiments  and 
observations,  upon  the  best  proportions  and  forms  of  public  halls,  have  been 
undertaken  by  Profs.  Ilonry  and  Bacho,  by  order  of  the  government,  the  results 
of  which  are  recorded  by  the  former,  in  the  Proceedings  of  the  American  Asso- 
ciation for  1856,  p.  119,  and  Smithsonian  Report  for  1856,  p.  221. 

357.  Refraction  of  sound. — Although  sound  is  reflected  by  any 
surface  of  different  density  from  that  in  which 
it  originates,  the  sound  also  enters  the  second 
medium  by  means  of  new  vibrations  origi- 
nating at  the  interposed  surface. 

Wo  have  seen  (345,  3-47)  that  the  velocity  of 
sound  ia  not  the  sumo  in  different  media.  Let  a 
sound-wave  origiuating  at  S,  fig.  278,  meet  with 
nnothur  medium  in  which  sound  moves  slower  than 
in  the  first,  and  let  <i  0  bo  the  surface  of  the  second 
medium.  Let  the  dificrcnoe  of  velocity  be  such 
that  while  the  new  vibration,  originating  at  h, 
would  advance  to  />',  if  the  medium  were  like  the 
first,  it  can  move  only  to  e  in  the  new  medium : 
it  ia  evident  that  if  a  n  be  the  wave  surface  with 
the  Vflm-ity  unchanged,  a  N  will  be  the  wave  sur- 
face with  the  retarded  velocity,  and  the  ray  S  6 
will  ontor  the  second  medium  in  the  direction  b  R, 
m  >ro  ui'ftrly  perpoiulioular  to  the  surface  a  0,  than 
it:!  (lirootion  in  the  first  medium. 

For  a  fuller  discussion  of  the  laws  of  refrac- 
tion, soe  tilt'  chapter  on  Optics. 

The  phenomena  of  refraction  of  sound  are  in 
R«'cordanco  with  theory.  The  researches  of  Pois- 
sun  and  Green  have  placed  this  beyond  doubt. 


Sondhauss  has  demonstratad 
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Iblog  hy  Iht  followlni^  exticrimeat A  cslh  am  a,  fS^.  279,  fr«u  formnd 
«f  lw»  fttn*  of  ct*ngJiuo,  lioUcd  ut  ihu  «J^c«  by  «  Hm  of  irtiM.  The  two  fiJiui, 
n  Md  were  mB<J«  tiihcrirAllj-  codvvx^  aoil  wlic-n  uiitmlodf  iliQ  iitj(|fuineDt  took 
Lb«  fwna  uf  a  leDs,  ltk«  279 

■•H*  •f  All  t^pvuLtij^  at 

la  Lfa<  mxi*  of  the  troa 
tkal  b  la  Ike  lloe 

paisei  tKroagb 

MrfboM  n  fttii]  It.  Wiien 
fia  •hacrrcr  pl&ccd  hia 
«r  an  the  ujipasKv  ride  ia  tbe  nxis  of  tho  lean,  the  ticking'  of  Ui«  fr^tcli  WM 
dlat^lMllj  l)«ftr4t  if  *t  a  proftrr  duitAiiee  frum  lb>e  lens  t  this  difllmDoe  w«tt 
%tm  la  prdfivrUoti  u  tite  walcIi  urm  farther  rt-'mofcd.  If  tho  luud  wai  ml  and 
ttfi,  Ibe  vouiul  re«j»4l  to  b«  tieanl;  and  tbe  re!<ult  w^is  tho  eiiino  if  tbc  i«tr 
WWI0  remoTcti  froia  tbe  ■lxu  8  r.  Hariog  TcplA('«4l  Ihc  w»t<:b  an  or^an  pipc, 
harini;  aa  o|^nii>f^  )ik«  a  Autfit,  in«l4>Ad  of  lb«  ear  bo  cm  ployed  tbe  bt-nl  tnly9 
fc^  karioi^  l^u!4' better'*  «kiii  extendud  urer  the  d[»uuiug  r,  wnd  jUne  eauJ  plu.e.'t!(l 
upon  it.  When  Uiu  ajiparatufl  occupied  tlie  pfjBjtiutiJi  iti  wiilcli  tliu  eM.r  btturd 
the  roiuid  of  the  irmtcli,  tli«  iiJid  W94  ngitaUidi  bat  on  rvmctTbg  tite  kne  Lbo 
■ADd  nntained  at  resL 

Xv  evmprebead  boir  tbeae  exprriniBDU  demoHfltrata  tbe  refraction  (if  entinrj, 
we  ntiat  refer  to  tbe  prineiplei  of  of^tici^  m  which  multiplied  emp«rirnvul4  buy^u 
r*atler«it  lUe  explanaliou  v<?ry  crimplcto,  and  euiy  to  ba  liBder^tood. 

338.  The  apeakiag-trampftt  is  an  lastrunK^Dt  emplnjed  to  cunvcj 
th«  tuic«i  to  a  j^reat  distance.  This  in  strum  eat  coiiHiiita  of  a  cunii^al 
Cmbe  O  P,  fig.  280,  termmftted  bj  a  bell-shaped  extremity,  P,  At  O 
la  *  moulb-piece  which  surrounds  the  lips  without  interfering  ^vlth 
tlKfir  ]]i«T6iaQiits.    The  truaipct,  it  is  said  bf  hislorj,  ira»  used  bj 


Al**amlor  the  Qreai  for  coioinanding  hiH  urnij.  At  the  presetitdfty 
it  in  oatplf>}riHl  at  eca  to  cnuse  the  voiee  of  the  commander  Ui  be  heard 
a]invo  the  rv»ftr  af  the  winds  and  waveH.  0»  land  it  is  used  by  flrenien, 

T«  implaio  tbe  an^entfttitm  of  sound  by  the  truaipvt,  it  wu  fumoHy  eup- 
pttK'd  tlial  the  euutid  rffleetnl  by  tbe«i4«*a  of  thw  trutaptil,  sn  tH»t  ibeTibn- 
titiQi  Luued  ill  tho  dlrvctioa  of  tUn  asU  uf  tho  m^trumuut,  jUid  that  ihi«  uflmit 


2G4 


THE  tiihee  states  of  matter. 


waa  alao  iii<k^d  by  line  vihrfttiou  of  tbo  wall*  of  tbe  iitfttrumeDt  it^etf.    ll  «««^ 
fibowd  hy  Lamhatl  m         tha.t  the  ribratioD  of  the  inatrament  tcQded  to  r«iidl 
artii:ulAlu  sou  lull  fused, 

Tho  ciplitm>ition  hy  rcflc^Unit  of  lha  rivjifi  qfAouiitl  is  inadmisirikt«.  In  remit 
iha  form  of  tbc  extrBraily  has  cifnaj<kTfl.ljl&  inflacnce,  but  *ni  the  theory  of  «flc 
tion  it  jiUould  hws  witboul  effoel.  On  tlio  euntrnry,  the  co»i<':il  ft/rtn  bp 
1mpn}-rv»tit,  hut  IiiLt)suiifritia  biu  dlirtwn  rho-t  a  cylitidrkal  tin  he,  wiiti  «  tH<11^»hjif 
tfSl-TomUy,  fllrcnglhyns  thp  sound  «.a  mnch  jw  »  couk^at  tube,  In  fact,  when  tl 
iiirfrvf>r»f  the  trump«L  is  linetl  wUh  (.'loih,  bo  tbnt  the  fufloelion  mmt  be  ^ci 
k'cible  or  aliuotit  null,  ibc  inli.-D«ity  of  ibo  «outidi  tmnfiiintted  rvmnina  naohftoi 
Wu  may  a<ld  tUnt  tlin  jidtiud  tra-uMuUtcil  thrnngh  a  sfi(!tiking-tnim[Mt  ij  int 
not  mortly  in  the  diro<ylii>n  to  wliirh  it  is  pointed,  but  in  tTciry  dire«tuin^  wheFhi 
rbti  t-xtreiuily  i*  btdl-nhitpcd  or  uLbcrwise.  Tbe  elB«;at'y  of  tbe  Irupipet  U,  iher 
(nre,  nut  tluu  to  the  rvfleoUut)  ut  «aouud  froui  Ua  walls,  but  limply,  &f  «l«le(1 
lla»j<i>nfratc,  to  tbe  grt^Ator  ibtcoeity  of  tbo  i^ttlflbtkuB  prn^Iuctd  iu  the  eolui 
of  conQodd  ftir  wkich  vibrattja  in  itnbnii  with  (bfi  vokc  at  tbt*  nioqtli-f»i«e«, 
eoDsiderabte  ^Secl  is  prtpdnecd  by  the  betl-ahapod  extremity  of  the  trtimpet,  h 
the  DAturo  of  ttiii  mfluonee  b  da  not  b?c&  «atijfiietort]y  exjdaiued. 

359.  Ear-tnimpct.— Tlie  henr'mg4ruinpefcp  fig,  281,  intended 
Mieist  persons  bnrd  of  hearing,  I*  m  forfii  and  appUeation  the*  revGi 
of  the  ftpeftkin^-triitnpet,  idthough  in  principle  Iha  minify    It  ct»asi»| 
of  ft  conical  tube,  turned  in  ntiy  281 
convctiiutit  directioti,  m  llmt  the 
oponirif^,  0,  may  enter  tlie  mr. 
Tbe  strengthening  of  the  sound 
by  this  iu^trument  was  farjtierlji' 
attributed  to  reflection  of  botiopous  wutos  cauficd  to  ooriTergc  tt>  tlio 
ear,  ftiid  it  wna  sought  to  obtaia  the  fofm  most  fuvornhlo  to  fulfill  Lhk 
condition ;  thus  tli-e  cone  waa  replaced  bj  a  paraboloid,  having  ita 
foi3us  III  the  pint  o.    Bat  these  difforont  furms  iiav*?  no  effect  uputi  th© 
re&ult.    Moreover,  the  nature  of  the  walla,  und  the  condili*»n  of  the 
interior  flurfaoe,  whether  rough  or  polished,  or  lined  with  cloth,  ha*  ti( 
effbct  upon  the  intenaity  of  the  sound.   The  onlj  essential  condition 
that  the  exterior  opotiing  should  bo  greater  than  that  whicli  enters  tl 
ear.    The  effbet  of  the  car-trumpet  ia  explained  as  follows: — The  [mi 
tion ft  of  compressed  or  dilated  air,  whieh  amvo  at  the  esterior  openinj 
trans  ill  it  their  compresiBicm  or  di  In  tat  ion  to  portions  of  air  phi  alter  ar 
iTWflllcr,  and  conaeqMently  transmit  it  with  increafiing  in  tensity, 
this  manner  the  portion  of  air  at  o  roccives  and  tratignittjs  to  the  met 
bmao  of  the  tympanum  a  compresiiion  or  dilatntian  of  tnu<.<h  greiiti 
iiitensiiy  than  in  the  absence  of  the  inBtrumont.    ilulJiog  the  huE 
concave  behind  the  eftr»  as  deaf  persona  are  seen  to  du,  euncciitraH 
Hound  in  the  manner  of  an  eaMrunipet,  Tlio  form  of  the  external 
in  animals  favors  the  c  d lection  of  ik>untl- 

360.  The  siren. — Thig  in;;oniou8  iuMranjcnt  wiia  invented  bv  M. 


2^5 


d<?  Lai«Mir,  (t*r  the  purpose  of  asoirUviuifig  the  number  of 
■finii  uf  a  siuimruna  body,  corr^ispoodiiig  to  any  prupoiied  tnnBlcal 


Fie*  SI>S  f^nvy  tbe  •Irvn  ni'Minl^d  no  wmd  eljc!ii»  E,  <lL'£t||nc<]  t<i  supply  A 
oirrMl  •r  air.   Figs.  2fi3t  291,  nUow  lUo  intcriof  dcUila  of  tbc  »|.jrjtraiua.  Tbo 


•icmi  U  («Milrn«t«d  «iilif«1jr  of  bri»«*.  It  coubuU  of  %  tube,  0,  a»lH»tit  fbor  iiicbi.<ii 
in  (li         -  •  ['ing  in  «  amooUi  circulikr  pl&te,  D,  tig,        which  contain*?, 

•t  r  At  he  L*iri?uiiifercnce,  innaJI  bole?,  w!ul'Ii  wrtj  picrcoii  tbrougb 

tn  ill  .'(u«  dirvctinti,  Anolber  ftl*t«,  turning  very  ea^iljr  upon 
lit,  im  |^Iac«iI  ma  near  ma  ppsdble  Co  B,  wiiliout  being  in  enatael  wiUi  it.  Tbia 
jkierMd  with  tta[«  fame  number  of  obliq|ti«  orificca  as  tboie  in  the  plate, 
'okA  in  Bb  n;ipi''iii(e  direction,  ils  *butrti  in  gg.  3^3^  ii,  A  ;  m, 
A  rurnrat  of  air  arrirtsg  frum  the  bcllowti,  it  paiasca  tbruugb  Ibo  bolcd 
of  lW  Drmi  folate,  and  imparts  il  rotary  moTcment  to  (be  second  plate,  in  tlici 
dinelitiit  «,  A,  fig.  An  tbci  <up{>iir  pl^te  ritvolvfsi;,  tbo  tsiirrctit  uf  air  is  P^lt^^r- 

Mtcij  ttut  utr.  ami  rL-iicwuil  rapidlj  by  tlic  eonstantty  iibiinging  poj^ilian  of  tba 
tMt|c«,  In  i>«tniii<fi|ii«iioe  of  tbi*  int«miptioii,  when  tbe  plute  A  moves  Kiib  » 
Haifurtfi  Trlueilji,  a  ivrica  of  j>u(rs.  of  wiaJ  will  ^'jtcapc  nt  ci-}ui>l  iotor^eil^  of  linip. 
Th«M  pafft  itil)  |»roduefi  andu.Utioti«  in  ({]«  ftir  mrrunnding  tbo  in^tnimc-Dtt  and 
«bc«  tibe  ith(M:l  rvrnlv«t  wiib  flufficient  rapidity^  a  mueical  lound  is  pr«>dacc(lj 
vklelk  io  acnicniHiii  aa  tb&  r^lociij  of  tbe  wheel  biieauict  greater. 

A  (Hituatcr  flike  timt  on  a  ic^^  iiietcr>  i*  connected  with  the  upper  ptAt«»  by 
«1iir^  itta  nil  in  tier  {»f  rGvn!iitiiirn<i  ia  inilicj^trd.  Pressure  upon  the  tiUttonii,  C  Dj 
IM,  «*up<?fl  tbc  Uiurlti'd  wiii>eli  to  ho  sot  in  eommunkatian  witb  tbo  ondU'^a 
*ctrm  fj|>.i*i  tb«j  •ft'indl**  The  rcTalutioo  ©f  tbete  wheel*  is  nseorflcnj  by  (bo 
ifttjtiuu  lif  tbit  handi  npnn  ihe  dialf  in  tkg,  2Bt,  To  dot^mina  tka  number  of 
Tibmtiitjo*  currtJipuudiug  to  a  jftviin  vound^  a  blait  of  wind  \f  funvd  frura  tho 
Iwillttwt  loto  the  firen,  uiiiiJ  it  givee  a  corrcfponding  iiote,  Tl*<?  bn-odp  on  lb» 
'llalt  bvitijc  bfiij«*hi  tu  ibcir  ff*po<'tivp  wros  «t  Ibu  fomtticn^i'emiiut  «f  (bo 
*»f«rlment,  Ibelr  [loniiioa.  at  ibe  end  »f  any  hutiwa  iuUsrviLl,  wtU  iodU^atc  ib« 
25» 
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aataber  of  puSi  of  &lr  irlij«b  hmr9  avcaipcd  rr>iii  lbs  rtTotrln^  plat«,  will, 
Mia-ir*|a(mt]j,  determtnc       Dumber  of  vadAlAiioiu  of  the  air  wliii-lt  c«irrr«|»«fBii 
to  thv  saniiJ  iirudtireiL 
The  lireQ,  whh  ^q»l  fires  (be  MM  i««nd,  cxccpiitifr  the  tittilirv,  in 

dlfTercDt  gmt^i,  An«]  in  water,  u  it  doe*  in  kir,  wliicrk  |»mrv9,  \hikt  Ihm  hei^i 
of  uijr  «ottnd  []i?[»eod:ji  on  Uim  onmWr  of  rtbrkUunf,  auod  not,  on  ibo  numtv 
tbc  t^ooroiwi  bod  J, 

Savait's  tootbed  wbeeL-^SAvim  hm  employed  ancitbep 
appftTiktus  to  count  the  oaniber  uf  iribrationa  eotrespundlng  to  anj 
proposed  pitck 

It  donsbtt,  fi^.        nf  »  lootbc4  wlioci,      to  be  lerolTed  mm  ng^lmiff  tu  pa*, 
bj  meini:  of  lb*  frbocl  B,  Ukd  eniilAU  band       Tbn  tooibcd  ivli«el» 

SS5 


revolving  r^-iniilj,  uiftkc-i  tb«  iiiii^tjc%  L\  vibr^n:,  prtidut'ing  In  tba  air  eorre- 
opnndiiig  uiitiulationi,  tlie  cfT^ot  of  which  it  m  ttinfical  (tjuniL  A*  tbe  tan^iM  i» 
clmek  Dti  tbc  poBpago  of  cacti  tooth,  the  numlffir  of  vibriiliaii«  to  n  M-rond  it ll] 
corruj^panit  wiih  tbe  nambcr  nf  Vtisih  which  have  strufk  the  tnuf^tin  in  Ibc  nurnn 
tiiao  Thift  ia  leirn^d  fn>ta  the  Jii.1  plntc^,,  0,  which  indicatce  the  iiti tuber  of 
rvvulalioDS  cf  the  intd,  Rtid  tanlti[>l)Mi]ig^  tbij  bjr  th«  nutnbar  of  tc^tb,  trr  hare 
the  whot«  numb&r  of  vibruUuns  in  a.  i^ivea  time.  Upon  revuhin^  the  wfav»1 
■bwlj,  W9  nmy  hva.r  tbo  suptwPMve  shocks  of  Iho  teeth  »smiii^t  the  loi>gUL\  «nd 
U  wo  mL>rCM«  the  relocil^v,  we  tibtaiii  &  taurc  and  more  cteTttted  loiuid* 

302.  Moalc  lialls.— Miieio  iheatres^  &c.,  fihoulJ  be  bo  coti- 

Btructed  as  to  convey  the  sounda  that  are  uttered,  thruugUout  ihc  space 
ocoQpi&iJ  by  the  audience,  utiunpaiml  by  any  eclm  or  e«nfli**tiiig  sound. 
Od  Mieorotical  grouiida,  t!ic  best  ft>nn  for  Ihe  walls  it  on  14  be  that  of  a 
parabola.  Ortiaiiient«f  pillar*,  alooves,  vaultcil  edlidjy;*,  all  in^milesa 
hollow  nnd  projecting  ^pacns,  break  tip  nnd  destroy  the  echouj*,  *nid 
rosimuru'eH.  Tho  height  of  a  ruom  for  jmhUc  fi|npnkifj;»^  sliould  hu  luti 
ninri!  tlian  from  thlrfy  to  thirty-five  i'^H  ;  for  sit  thh  fHilnt.  i;a1U^d  the 
Ihnit  of  pi»rcopl,Hiilitv.  tht'  nHIi'itltjii  atid  ihi*  vuke  will  hli'tid  lHgHh<*r 
wdl,  aud  lhu»  tilrcii;^tlii.-M  tbu  lotetiior  LJie  ttpvsikcr ;  il'  tt  i»  htgUcr  tbi 
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direct  aounil  and  the  et^lio  wlU  begtti  to  bo  bdnrd  6C[inrfttelj, 

I  2.  Physical  Theory  of  Musiq. 
.  QtialltieH  of  mttsical  eouDds, — Musiical  sound  ia  the  result 
equul  ftiiiiitA|ilicric  Tihrfitious,  conveying  to  the  ear  tones  of  defioite 
mad  »|iprecinbJe  pitch.  The  ear  dUtinguishcs  three  jvarUcular  qualities 
bi  vouimI.  L  The  tone  or  pitckt  in  Tirtue  of  which  aounda  are  high  or 
low.  2,  The  iittemif^,  in  virtue  of  which  thoy  are  loud  or  soft;  and 
3*1.  qmilHtf  c>r  timbre,  in  viHue  uf  whicli  sounds  of  the  aame  intensity 
Aixl  jtitch  are  relatively  Jihtiogui^hablG. 

1.  Toue  or  pitch, — ^The  tone  or  pitch  of  a  musical  itmnd  ie  high  or 
ItJTT.  It  depends  on  the  rapidity  of  the  vibratory  moTCnjent.  The  more 
mfttd  the  f-ibrationa  are,  the  more  ueutc  will  be  the  souniL 

2.  iDtenaity  or  londneas.^The  inteoBiry,  or  force  of  sound,  d<j- 
ficnds  on  the  amplitude  of  the  oseillatious^  that  is,  u|>un  the  de/^roe  of 

ndi'n«witi'm  pro«luced  at  the  middle  of  the  sonortjUA  ware. 
A  M'ucul  may  maintain  tho  satiie  pitch,  and  yet  popstess  greater  or 
lesB  ttil«nfritj«  according  ai  the  amplitude  of  the  oscillations  varies. 

Thui,  if  w«  vibnte  «  I«di>o  enri),  ibo  i&rcttiitj'  or  loudne^i  of  tlio  tono  will 
▼arj,  a»  lha  tlbtMoen  wbtch  the  vibrating  purU  pafla  od  cttch  ijde  of  th^  Wuty  of 
mi* 

3.  Qvkaixty,—Qutiliiif  le  that  peculiarity  in  sound  which  hIIowb  us  to 
r^ifiguitth,  perfeotly,  between  iKiund^  of  the  same  pitch,  and  the  eamo 
tensity » 

Tba«.  th^  tcmibd*  produfcd  hj  Oie  flntd  (larfimct  iiro  at  ont^e  di»tt»giiifth- 
•M«>.  Tlifl  r^uattry  of  the  miiiiid  of  malrum«nl»  Appears  (o  {Ivpcttd  not  only 
citt  ib«  n&turc  ijfthe  fftntmma  iHtt\y,t.Dd  the  Burruuuding  buJioj  t^t  in  vibralioa 
1^  It,  Vui  klfi  oa  (he  fi»rui  nud  iuateriu]  tbc  iu«iriou«ut ;  tvad  prubably,  also, 
%hv  fuTta  of  the  curve  of  ri  Wiitiun. 

3(>4.  Unison. ^ — Souiidi»  produced  by  the  eaiue  number  of  vibrattuns 
per  nceimd,  nre  said  to  he  in  utiisun. 

Tbu*.  tbt  ■irpo  (100)  and  SuTwrl'a  wbocl  (30t]  »ro  ia  unboa  when  wo  cnuao 
lli«in  u>  mAk«  lilt  taiae  iiumbor  of  vibrationg  m  the  leme  time. 

Melody.— Harm cmy.— When  the  ribratlone  of  a  progressive 
te  muiionl  wuuDde  bwir  to  eiwh  other  duch  simple  relfttiouB 
ly  jwrccited  by  the  cur,  an  agreeable  imjire^iisiuii  is  pro- 
dm*<»d,  trnllod  meknly^  Wlieii  two  or  more  suunda.  having  to  timh  oth^r 
•uch  limpltf  reiati*rm!i,  are  pro^luced  HiiuultAncoualy,  it  is  called  a  e/*orrf» 
and  a  itucxcc»>ion  uf  chordji,  succeeding  ciu^.h  other  in  melodious  orderg 
a>o«tili]l<'M  hnt'iHtmtf. 

If  w«;  tii.kc  u  tMiries  uf  vuundH,  the  mi\m  uf  wbuee  ribratio'ii<«  ate  ^ 
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the  following  numbers— 1 :2:3:4:5:6:7:8:9:  10— we  baye  the 
notes  which  will  produce  a  series  of  chords,  which,  oommencing  with 
the  most  simple,  will  gradually  become  more  and  more  complicated, 
until  the  ear  can  no  longer  perceive  their  relations ;  when  this  point  is 
reached,  they  will  cease  to  produce  chords  and  harmony. 

In  sounds  whose  vibrations  bear  to  each  other  the  relations  of 
1:2:4:8:  16,  every  vibration  expressed  by  the  lower  numbers  cor- 
responds with  similar  vibrations  in  the  higher  series.  The  interval 
between  such  sounds  is  very  great,  and  is  called  an  octave^  because 
other  sounds  having  simple  relations  may  be  so  placed  between  1  and  2, 
or  4  and  8,  as  to  form  with  the  two  extremes  a  series  of  eight  sounds 
having  agreeable  relations  to  each  other. 

Fig.  286  represents  the  relations  286 
of  such  tones  as  produce  the  most 
pleasing  effects  when  sounded  to- 
gether.   The  dots  represent  vibra-  Octave 
tions ;  and  those  which  occur  simul-    2  :  1 
tancously,  and  therefore  increase 
each  others'  powers,  are  connected 
by  vertical  lines.    On  the  left  of  the  Fifth 
figuro  are  the  names  applied  to  these    3  :  2 
intervals,  as  explained  in  section 
371. 

3GG.  Musical  scale. — Oa-  ^^"/g^ 
mut. — The  tones  forming  a  me- 
lodious scries  between  any  two 
adjacent  sounds  which  are  as  ^^""^^ 
one  to  two,  are  called  the  musical  5.4 
scale  or  gamut. 

It  is  generally  supposed  that  the 
musical  scale  was  invented  by  Guide 
of  Arczzio,  or  according  to  others  Elinor 
that  it  was  an  improvement  upon  Third 
the  Grecian  scale,  and  called  the    ^  •  ^ 
gamut  from  the  Greek  letter  gamma, 
as  an  acknowledgment  of  the  assistance  ho  derived  from  that  nation. 

The  sounds  which  compose  the  musical  scale  or  gamut,  are  the 
alphabet  of  music.  They  are  designated,  in  English,  by  the  letters  C, 
I),  E,  F,  G,  A,  B.  In  French  and  Italian,  by  the  words  ut,  or  do,  re, 
mi,  fa,  Rol,  la,  si. 

We  may  also  represent  the  notes  of  the  gamut  in  numbers.  In  order 
to  find  the  relation  which  exists  between  the  fundamental  note,  C,  or 
do,  and  the  other  notes,  the  sonometer,  or  monochord,  fig.  287,  is  em- 
ployed. 
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SC7,  The  flonameter  or  moQOchord, — This  instrument  Is  mod  to 
rtudj  the  IrHfigvcrfttt  vibrutions  •>!"  cords;  and  hj  it  we  ascertain  the 
l«l»tiof)  Lctw<^cn  the  dlSTcreol  notes  of  the  muBical  ecale,  and,  willi  the 
"of  the  iiren  (3G0),  the  iiumbor  of  Tibrutions  tij  wblcb  tfiey  aro 
ctivelj  pr<>«Juc't*d. 

Atwira  n  CMC  of  thin  wood,  n  cord,  or  m^taTlic!  wire,  A      i«  ^trctcfao'd  over  tlm 


btt  ptftced  ftt  atij  dteirtd  point;  nod  for  conveaiencD  of  Adju!itJii«Qt,  the  achIb  U 
iBwked  ufT  brnt!&th  ihu  wire;,  ctimtneuctDg^  wiib  C.  Tbe  Btria^,  A  yfhtU 
rlbr^iUig  H«  wbi>le  kngth,  [irudncQB  ibe  bote  C  ;  m  order  to  iiroducc  iho  uoto  D, 
the  ttorftbU  bri<l^,  B,  Diuii  b«  sdrBnccd  tPirard  tbo  Gxt^d  bridge  uqUI  tho 
l«nf  lb  uf  the  irord  i«  hut  ei^fat-niniht  of  that  whlt^  produces  Iho  Dot«  C.  Pro- 
i«0cdio!j^  ill  lb«  a»cat'  maiincr  fttr  Ibo  ulhc'r  doI«9,  it  will  be  found,  that  the  Icbgth 
of  Ih*  cotd  con-Mpondiog  to  each  note  is  repru'sen ted  by  the  following  friicticnii: 

SoUk  C    D    E    F    O     A     B  C 

B*JaUrakngib  of  cord.     .      •    1     I     i     }     I     I     A  I 
Cdntiiiuitig  to  tuovo  th«  bridge  oti  the  ioijomcter.  it  will  bo  faiind,  lUfit  the 
ngkih  •otiud,  tht  u^-tare,  is  pradut'cd  hj  n  length  of  cord  hnlfibAt  of  the  fuudik- 
Ul  »oun<|«    U|>un  tbi«  ootc,  an  octave  higher  than  the  runilaiiH'otuI  tioti',  wo 
roti«mict  a  aritio,  ?a<cU  nttle  of  which  is  produced  by  tb&  vibraliun  of  a  turd 
hM  «#  loag  iM  tlio  fame  note  in  Iho  |»r«crcdiag  g^amtit.    In  the  aauic  uift.iiit«r  tra 
mf  bar«  aUo  a  third  aud  a  fourth  icalc. 

$0t^.  Relative  number  of  vibiationa  correapanding  to  each 
Q^le.^lfi  ordler  to  n^certAin  the  reliitive  number  of  vibratiuiis  corroB- 
punding  ti>  enx^h  »i>ia  in  the  sanae  time,  it  is  aufHcient  V>  invert  the 
&iict}i>M  of  tbc  prwctHng  taljle.  FuT  hy  tho  priuoiplea  alreadj^  cbIu- 
tlt«ho<(i  thv  tiutiibor  of  vibrations  ie  in  inverse  ratio  of  the  length 

of  the  ^»ln«j;.  Rqjteti^Mitiiio;,  therefore,  the  number  of  vibrntions  cor- 
rtMfx^ndini;  to  tlic  runditmeutiil  Eiotc  C,  hy  1,  proceeding  m  akive,  we 
ftirm  the  fulbwlng  table : 

StAm  CDEFGABCK 

'v9  number  uf  ribratiuti»4,      1     |     t    !     ?     ^     '/  2 
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Which  indicates,  that  in  producing  the  note  D,  nine  vibrations  are  made 
in  the  same  time  that  eight  are  made  by  the  fundamental  note  C.  So, 
vrhen  the  note  E  is  sounded,  five  vibrations  are  made  for  four  of  G ;  for 
B,  fifteen  to  eight  of  C,  &c. 

369.  Absolute  number  of  vibrations  corresponding  to  each 
note. — By  setting  the  siren,  or  Savart's  wheel,  in  unison  vrith  a  given 
sound,  we  obtain  the  absolute  number  of  vibrations  corresponding  to 
it.  If  we  set  the  siren  in  unison  with  the  fundamental  C,  in  order  to 
obtain  the  number  of  vibrations  corresponding  to  the  other  notes,  as  D, 
we  have  but  to  multiply  it  by  the  fraction  |,  &q.  But  the  fundamental 
C  varies  with  the  nature,  length,  and  tension  of  the  cord  of  the  sono- 
meter, and  therefore  the  number  of  vibrations  may  be  represented  by 
an  iufiuite  variety  of  numbers,  corresponding  to  the  different  scales. 
The  notes  of  the  scale  whose  gamut  corresponds  to  the  gravest  sound  of 
the  bass,  are  indicated  by  1.  To  notes  of  gamuts  more  elevated,  are  affixed 
tljo  indices  2,  3,  &c. ;  to  graver  notes  are  affixed  the  indices  —  1,  —  2, 
&c.  The  number  of  simple  vibrations  corresponding  to  the  note  C,  is 
128,  and  in  order  to  obtain  the  number  of  vibrations  corresponding  to 
the  other  notes,  we  have  but  to  multiply  this  number  by  the  fractions 
indicated  in  (3G8),  which  gives  the  following  table: 

Notes  C     D     E     F     G     A  B 

Absolute  number  of  simple 
vibrations,     .      .      .    128  144  ICO  ITOf  192  213^  240 

The  absolute  number  of  vibrations  for  the  superior  gamut,  is  obtained 
by  multiplying  the  numbers  in  the  table  successively,  by  2,  by  3,  by  4, 
&c. ;  for  the  lower  gamut,  we  divide  the  same  numbers  by  2,  by  4,  &c. 
Thus,  the  number  of  vibrations  of  A3  is  214  X  4  =  856  simple  vibra- 
tions, or  428  complete  vibrations.* 

It  must,  however,  bo  stated,  that  there  is  a  slight  diflTerence  in  the  actual 
number  of  vibrationi;  producing  a  particular  note  as  performed  in  different  cities. 
Thus,  A3  of  the  pitch  adopted  at  different  orchestras,  which  by  the  above  table 
should  bo  produced  by  426 J  vibrations,  varies  as  follows  : 

Orchestra  of  Berlin  Opera,  437-32 

Opera  Comique,  Paris,     .......  427'6l 

Academic  do  la  Musique,  Paris,  431-34 

Italian  Opera,  in  1855,     .......  449 

In  piano-fi>rtes»,  which,  for  private  purposes,  are  generally  tuned  below  concert 
pitch,  A3  is  produced  by  about  420  vibrations  in  a  second. 

There  has  been  a  curious  progressive  elevation  of  the  diapason  (pitch)  of 
orchestras,  since  the  time  of  Louis  XIV.,  when  the  ta  in  the  orchestra  was 
(according  to  Sauvcur)  SIO  simple  vibrations  (=  405  complete  vibrations)  per 
second ;  the  number  at  the  grand  opera  is  now  898,  or  nearly  a  tone  higher. 
This  rise  has  taken  place  mainly  in  the  present  century — being  a  semitone  since 
1823.  The  causes  of  this  change  (which  is  still  in  progress)  are  doubtless  owing 


*  See  Appendix,  p.  668. 
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to  Ikt  ptvtv**  tt*lopt<*d  f«r  |>rM«riPin)^  «fid  transmitting  tlto  tmo  pitch  of  tfat 
fii»4»fon«iijU  o.*t«.  Tlie  fltml  ttming  «f  Iho  diiipMc^tt  is  done  by  tbif  file,  und 
itivf  ft  diiipuf^u  belli*  ii ;  it  tbe  ujoijicnt  it  is  to  tunc  with  ihc  Bhintlanl  it  h 
l!nw  birfttctl,  Mtui  wtieo  it  •ft<'rnard;3  cools  tbo  tone  risn;*.  "When  ttiid  icc<>iit| 
•iiAfia#i>a  id  44«>f  fur  timttigi,  tbore  in  unutbur  AitoHfir  rbir,  tiud  bq  it  ennliuues. 
Tbti  grtduij^  elevAtion  of  jutL^li  bccumeif  quite  ucMHiiblQ  atlcr  thu  lapse  of  ene  er 
two  |fffner*iioftf,    (Atu,  Ji>ur.  8ci.  [2]  ii..  2l}2.j 

370,  I*etigth  of  sQDQrons  waves, — It  is  emy  to  asoerUiti  the  Jengih 
of  a  sonoruua  ribrutuin,  if  we  know  the  iiuraber  of  Tibrationa  umdc  in  a 
Meond.  For,  as  eound  travels  at  the  rate  of  1118  feet  per  second,  if 
hut  one  vibration  is  made  in  that  titne,  tbe  length  of  tbe  wave  luust  be 
1118  fceC;  if  two  ribrntbuif  Ihe  length  of  eacb  tuast  be  half  of  llIS^ 
—  559  feet,  Ac- 

C  <<orrr^i)Ott{b,  m  we  bare  seen,  to  128  Tibrtitionfl  per  seeotid^  the  Ungiti,  of 
its  wmrea  t».  ikvnefon,  (1118  ~  US)  =  S'T3  fl-et. 

Tlje  fulloirilig  uble  iudieittei  the  length  at  tlio  WAVOA  eomBfKtndiog  to  Lhe 
C  vf  «tt«caMlr«  »0ftle6  : 

Leuflth  of  wavkfl  lo  feet.      Ntunber  ef  vibntten*  ]□  a  swod. 

c_i  to*  la 

C_t  S5-  32 

C_j  ......    175   U 

C,  8-73  128 

C,   25«J 

C,   2-187  512 

Ci   1093  ......    .  102-t 

3ll.  Interval, — Intf^rral  ia  the  immericnl  relation  existing  between 
the  QiiitibeT  of  Tibrations  made  in  the  oaine  time  by  two  Botnids,  or  it  ia 
thftt  which  todicatefi  how  much  one  souod  is  higher  than  ftn!jtln?r, 

Mtiileul  intervala  are  nauicJ  fruni  the  position  of  the  higher  note 
couuling  upwards  from  tlie  lower. 

C,  J>,  E.  F.  G,   A.  B,        1>\    E'.   F'.    G%   A\    B\  C'^. 
U  I.  f.    I.    f.    i    V.  2,   V,    V.    i,      I,     V.    V.  4. 
2d,  sa.  4tb.  5t(i,  aih,  7th,  ftlh,  9th.  lOtb.  Utb.  12th,  13tb^  14th,  I5tli. 

f  v.it  I.  V.  I!.  \h  I  V-       I  it 

In  fthorfl  tftblo  *re  given,  lat,  the  letteri  bj  which  ei]pee»iire  ntytcn  art 
dcfijpiLftted  I  2d,  tbi.<  n^hi^livc  numbers  of  their  viLratioiifl  u  enmpared  with  tbe 
kvtsi  nota ;  3d,  the  nntncs  at  tbe  notiu  u.  eompHred  with  the  flrtt;  and  liutly, 
lite  IbtcririJIi  ubialned  bjp  dividing  cacIi  note  by  that  which  immediftiel^  prcccdei 
ft.  It  will  be  iccu  th»t  tht>r«  ure  but  tliroi;  dificrcui  intervals  belwcen  vni^cci- 
•jkr*«o1««  <tf  the  t«ale*  ¥it.  |,  which  (betn|:  thi^  Inr^t^Bt  interval  found  in  tito 
■Ml*}  U  caUtd  A  9ttij4fr  Iwn«,  y  called  a  muttir  Umff  And  1 1  which  ia  en  Hod  a 
Mailloar,  thwii^h  il  it  greater  ibati  ojjc«-h»ir  of  tbtt  interviil  uf  uitber  hf  th«]  uUler 
iMMtt.  ThU  Nut  is  All""  called,  a  ditttuntr  ttwUrtMf,  la  diaiinjsuisb  it  ft<*m  otber 
dlrfiiiaii*  ma^le  for  f*f iit^uliLT  |)urfio»«s,  Tbe  differeiic>e  betwwn  a  nmiijar  Inoo 
aad  a  mtnor  t^ue  it  |if ,  and  ii»  c tiled  a  «o«w<t. 
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Comparing  the  notes  of  the  natural  scale  two  and  two,  we  obtain  a  yariety 
of  intervals  named  as  in  the  following : — 

TABLK  OF  MUSICAL  INTERVALS. 

CD=-FG  =  AB=  |;  migor  tone. 

EF  =  BC=  if  —  di&tonic  semi- 

tone. 

CE*=FA  =  OB=  f;  major  third. 

EO«=AC'  =  BD'=  I      If  of  J;  minor  third. 

DF=  f  of      =  1?  of  if  of  i;  f?of  a 

minor  third. 

CF      DG  —  EA  =  G  C  =  |;  fourth. 

AD'=  |  =  |iof|;  sharp  fourth. 

FB  «  If  =  ll  of  li  of  I;  jif  of  perfect 

fourth. 

CG  =«EB  =  FC'=-GD'  =  AE'=|;  fifth. 

D  A  «  1 9  =  If  of  f  ;  If  of  a  perfect  fifth. 

B  F'  c=  ll ;  an  inharmouious  interval. 

CA=DB  =  FD'  =  GE'=  |;  sixth. 

AF'  =  BQ'=  f  =  II  of  I  ;  minor  Bixth. 

FD'  =  ^1 J  an  inharmonious  interval. 

C  B  =  F  E'  =  y  ;  seventh,  an  inharmonious  inter- 

val. 

D  C  =  G  F'  =  B  A'  =  }  flattened  seventh,  g  J  of  J  ;  de- 

cidedly more  harmonious  than  the 
seventh.* 

ED'  =  AG'=  f  =  i|ofV>  °»»°or  seventh. 

C  C  =  I ;  octave. 

372.  Compound  chords. — Perfect  concord. — It  is  evidently  easy 
to  take  three  or  four  notes  whose  vibrations  have  simple  relations  to 
each  other,  and  which  taken  two  and  two  produce  a  sensation  of  har- 
mony.   Such  combinations  are  called  compound  chords. 

If  we  take  the  three  notes  C,  £,  G,  whose  vibrations  are  to  each 
other  as  the  numbers  4,  5,  6,  compared  two  and  two  they  give  the 
relations  ^,  f,  f,  which  constitute  by  their  union  three  harmonious 
intervals  called  the  perfect  major  accord.  If  we  take  the  three  notes 
E,  G,  B,  which  compared  two  and  two  give  the  relations  f ,  f,  |,  we  find 
it  differs  from  the  preceding  only  in  the  order  of  tho  intervals.  This 
series  is  called  the  perfect  minor  accord. 

373.  A  new  musical  scale. — By  examining  the  preceding  pages  it 
will  be  seen  that  the  relative  number  of  vibrations,  and  the  intervals 
between  different  notes  in  the  common  musical  scale,  are  made  up 
entirely  of  combinations  formed  from  the  three  prime  numbers  2,  3,  5, 
and  it  has  been  generally  stated  that  relations  founded  upon  the  prime 


*  The  ratio  }  is  claimed  to  helong  to  natural  music ;  see  section  (373). 
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7  were  too  complicated  to  be  appreciated  bj  the  ear,  or  to  be  executed 
either  by  the  Toice  or  bj  instraments.  But  the  use  of  the  prime  seventh 
in  music  has  been  recently  pointed  out  by  II.  W.  Poole,  Esq.,  of  Wor- 
cester, Mass.* 

Multiplying  the  ratios  of  the  ordinary  scale  by  48,  we  have  the : — 

TRIPLB  DIATOMIC  SCALE. 

(  With  Common  Chord  on  C,  0,  and  F.) 
C,      D,      E,      P,      G,       A,      B,  C. 
48,     54,     60,     64,     72,      80,     90,  96. 

I     V»   if.         V.  if. 

By  introdneing  the  prime  7,  Mr.  Poole  obtains  a  series  which  he  calls  the : — 

DOUBLK  DIATOXIC  SCALB. 
(  With  Common  Chord  on  C,  and  Chord  of  7  and  9  on  O.) 
C,      D,      E,      (F),       a,      (A),      B,  C. 
48,     54,     60,      63,       72,       81,      90,  96. 
I»       V»    U'      h      h       V.  if. 
In  defence  of  this  introdaction  of  the  prime  7  in  musical  compoBition,  it  is 
claimed  that  it  is  required  to  fill  up  the  series  1  to  10  (365)»  as  all  the  other 
numbers  up  to  ten  are  universally  admitted.    It  is  further  claimed  that  it  is  of 
frequent  use  by  such  masters  as  Uaydn,  in  the  "  Dead  March  of  Saul,"  Mozart, 
in  the  "  0  dolce  Cuncento,"  and  that  it  also  occurs  in  the  compositions  of 
Rossini. 

It  may  also  be  mentioned  that  the  Chinese,  in  their  musical  scale,  employ  the 
flat  sevenths  instead  of  the  notes  in  use  with  us,  which  gives  G  to  B  as  72  to  84 
or  6  to  7,  and  B  to  C  as  84  to  96  or  7  to  8,  the  very  harmony  contended  fur. 

The  following  example  of  harmonies,  rising  through  the  entire  scries  from 
1  to  10,  is  taken  from  the  essay  of  Mr.  Poole. 


Here  we  have  a  series  of  harmonies  beginning  with  the  common  chord  C,  E, 
G,  4,  5,  6,  and  rising  in  the  last  example  to  the  full  chord  of  the  lOtb,  all  of 
which  can  be  appreciated,  and  are  capable  of  giving  a  pleasing  effect  on  an 
iustrument  of  perfect  intonation.  The  full  chord  of  the  10th  contains  the  fol- 
lowing series  of  vibrations  and  intervals : — 


•  Am.  Jour.  6ci.  [2],  IX.,  p.  68 ;  also  Math.  Monthly,  II ,  p.  16. 
20 
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B.  10  10 

D.    0  9 

C.  8  8 


m ihob  tovb. 
Major  Toxe. 


T>b    7  yJSECO!fD(?) 


} 

I  Extended 


O.    «  )Te..i>(?) 

I  MijroH  Third. 

B.  6  bi 

[  Major  Third. 

C.  4  4  { 

{  Fourth. 

Q.    3  3. 

[  Fifth. 

C.    2  2  J 

}  Octave. 

C.    1  1  ' 

374.  Transposition. — Any  tone  of  the  common  scale,  or  any  pitch 
whatever,  may  be  taken  as  the  basis  of  another  similar  scale,  provided 
the  same  relative  intervals  are  preserved  between  the  successive  notes. 
Such  change  is  called  transposition  of  the  scale.  If  such  a  change  of 
pitch  is  made  on  an  instrument  tuned  to  play  the  natural  scale,  addi- 
tional notes  must  be  provided  in  one  or  more  of  the  intervals  already 
described.  Such  additional  notes  are  called  sharps  (J^)  or  fats  {\)), 
according  as  the  tone  corresponding  to  any  given  note  is  raised  or 
lowered.  When  new  notes  are  interpolated  in  every  major  and  minor 
tone  of  the  natural  scale,  there  are  obtained  twelve  intervals  in  the 
octave,  and  the  series  thus  formed  is  called  the  chromatic  scale. 

When  the  diatonic  semitone,  jf ,  is  taken  from  the  major  tone,  |,  the 
remaining  interval  is  called  a  chromatic  semitone.  When  the  diatonic 
semitone  is  taken  from  the  minor  tone,  V^i  inten'al  which  remains 
is  called  the  grave  chromatic  semitone. 

375.  Temperament. — In  transposing  the  scale,  so  as  to  commence 
on  any  note  of  the  natural  gamut,  it  is  supposed,  in  theory,  that  every 
note  may  be  raised  or  lowered  through  an  interval  of  a  diatonic  semi- 
tone, J  §.  This  would  involve  the  addition  of  an  inconvenient  number 
of  new  notes ;  therefore,  in  the  construction  of  musical  instruments,  it 
is  assumed  that  such  notes  as  Qij^  and  J>\)  are  identical,  though  they 
are  not  strictly  the  same,  and  are  not  played  alike  on  a  violin  or  harp, 
in  the  hands  of  a  skillful  performer. 

Temperament  is  a  device  by  which  the  multiplication  of  notes  beyond 
convenient  limits  is  avoided.  For  practical  purposes,  organs,  piano- 
fortes, and  other  instruments,  are  so  tuned  as  to  divide  the  octave  into 
12  equal  intervals,  called  chromatic  semitones,  of  equal  temperament. 
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t«iiif  all  the  muaictil  interviib  employed,  except  the  octares^ 
or  lesa  fre^m  their  truo  value,  as  given  hj  theory,  ajqU  aa 
lij  UiQ  cultivttUd  ear. 


Trap  T»lua.     Tali»e  In  eqiul  Ump^nment. 


Minor  semttone^     ™  1042,  ^  a 
Mi^or  BemitoDO,  f  f  ~  1*067, 
Mtnur  third. 


Major  ih^til^ 
Fifth, 


}  V  2- 

f  =  1-200,  ^  £= 

f  =  1250.  1  2*1=1*260. 

i  =  1*500,  v^2^ =  1-498. 


LOGO. 
1  189. 


It  is  hero  Been  that  the  minor  semitoni^fl  and  tnnjor  thinly  ar«  nil  too 
iharp,  white  the  mnjor  gcroitone,  roinwr  third,  aud  the  fifths  avfs  all  too 
flat. 

Mes«ra,  11.  W.  Poote  and  J.  AUej  have  indented  an  organ,  on  which 
vrtry  musical  interval  can  be  correctly  givcii  without  U*inporuig :  and 
the  p«rfc'ct  muKicai  scab  can  be  perfurtned  in  as  inan j  dififereDi  keys  aa 
aay  be  deair«d.    (Am,  Jour.  Sci.  [2],  Vol.  IX.,  p.  68,) 

The  suhject  of  tetDperameot  in  all  it^  telatlom  in  too  extcnsivo  to  h& 
treated  in  this  work,  and  we  must  refer  th<3  render  to  juusitjal  trealieeji 
for  further  inform^ittan. 

376.  Beating. — ^When  two  aounda  are  prodiiiced  at  the  fiame  time, 
wlikil]  &ro  not  in  onii^on.  alternations  of  siren ;;th  and  fccbleneaa  are 
h«ud,  which  succeed  each  other  at  regular  interrula. 

Tbli  f»iien(»mcD.oti,  ealM  Imatiag,  dfsd'orered  by  Savttrt,  li  easily  explaiafid. 
Saikpoiitftg  ib&t  tbe  number  of  Tibratioii>  of  2SS 
lb*  twa  foundt  w&i  30  mud  31  ;  kfKer  30  vibro- 
tioiM  nf  tlie  ftrsi,  ■.ml  :tl  or  thts  secund,  tbero 
WOttW  b*  eoincitlubdc,  aDiI  In  consequence,  bfl»t- 
Iflj^  wfifW  al  o-ny  otbcr  maniciit,  tho  sonoroui 
w%vm  not  being  9np«rimpri'Aed,  tlie  cOtict  Wi^uM  b« 
hm.  if  lb«  bcfttinjfs  mre  m».T  to  cAfb  other,  tber« 
ii  jrrtNltteetJ  a  contitianii»  souiiJ,  whicb  i3  graver 
diaii  lb«  two  tttumii  wbicb  compose  it^  einca  it 
«<M«*  from  ■  frifigl'fr  Ttbrsikm.  wbita  Ihoi  other 
Mamtf  a.re  miule  of  AO  and  HI  ribriit.iot>4, 
Th»  nwer  Ih6  Tibmioo*  Approiich  la  euKt 
tb«  longer  ii  the  interval  b«twcca  tbo 
WtiKit  ibe  utii«on  is  ct»mp1<stig,  lb  en  iiq  ben  Li 
;  wbon  it  it  v*ry  tlofficLire,  they  prodiie« 

377.  Diapaaon,  tuning-fork^ — Tim  dto- 

U  a  famiHar  ini^trument,  with  which 
ij  prtHlitce,  at  will,  an  invariahle  note  ; 
linlatce  tho  tone  of  iimptJL'tvl  instru- 
ll  itf  furmcd  from  a  har  of  steel, 
ear?0<],  M  aeen  In  fig.  288.    It  U  often  sounded  by  drawing  through  il 
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a  smooth  rod  of  steel  large  enough  to  spring  open  the  limbs,  and  its 
vibrations  are  greatly  strengthened  to  the  ear  bj  mounting  it,  as  in  the 
figure,  upon  a  box  of  thin  wood,  open  at  one  end.  A  diapason,  giving 
C3,  or  256  vibrations  in  a  second,  produces  a  sound  comparable  with 
that  from  an  organ  tube. 

The  diapason  is  ordinarily  formed  to  produce  A3,  corresponding  to  428  vibra- 
tions in  a  second. 

The  whole  diatonic  scale  is  thus  conreniently  constmcted,  by  a  series  of  dia- 
pasons, arranged  as  in  fig.  289,  upon  a  sounding-box,  A  A. 

378.  Sensibility  of  the  ear. — According  to  Savart,  the  most  grave 
note  the  ear  is  capable  of  appreciating,  is  produced  bj  from  seven  to 
eight  complete  vibrations  per  second.  When  a  less  number  is  made, 
the  vibrations  are  heard  as  distinct  and  successive  sounds. 

The  most  acute  musical  sound  recognised,  was  produced  by  24,000  complete 
vibrations  per  second.  Sarart  maintains,  however,  that  this  is  not  the  extreme 
limit  of  the  sensibility  of  the  ear,  289 
which  is  capable  of  wonderful 
training.  The  same  physicist  has 
also  demonstrated,  that  two  com- 
plete vibrations  are  sufficient  to 
enable  the  ear  to  determine  the  ra- 
pidity of  these  vibrations  ;  that  is, 
the  height  of  the  sound  produced. 
If  his  wheel  made  24,000 
tions  in  a  second,  the  two  require  but  if.Jyjjjjth  of  a  second.  The  car  may, 
therefore,  compare  sounds  which  act  only  during  this  wonderfully  brief  interval. 
The  limit  of  perceptible  sound  depends  on  the  amplitude  of  the  vibrations.  By 
enlarging  the  dimensions  of  Savart's  toothed  wheel,  and  increasing  the  distances 
between  the  teeth,  more  rapid  vibrations  can  be  heard.  Despretz  was  enabled 
to  recognise  sounds  made  by  36,500  complete  vibrations  per  second. 

Many  insects  produce  sounds  so  acute  as  to  baffle  the  human  ear  to  distinguish 
them  ;  and  naturalists  assert-,  that  there  are  many  sounds  in  nature  too  acute  for 
human  ears,  which  are  yet  perfectly  appreciated  by  the  animals  to  which  they 
are  notes  of  warning,  or  calls  of  attraction. 

The  natu.'al  la  is  said  to  be  heard  by  rapidly  moving  the  head ;  owing  to  the 
motion  of  the  small  bones  of  the  ear.    See  g  393. 

{  3.  Vibration  of  Air  contained  in  Tubes. 

379.  Sonorous  tubes. — Mode  of  vibrating. — In  wind  instru- 
ments, with  walls  of  suitnUc  thickness,  the  culumn  of  air  contained  in 
tlic  tubes  alone,  enters  into  vibration. 

The  material  of  the  tube  has  no  influence  upon  the  pitch,  but  affects  the 
quality  (363)  in  a  striking  and  important  manner.  The  pitch  of  the  sound 
produced,  depends  partly  on  the  size  and  situation  of  the  embouchure ;  still  more 
on  the  manner  of  imparting  the  first  movement  to  the  air,  and  partly  also  on 
varying  the  length  of  the  tube  containing  the  column  <if  air.  The  difference  in 
the  quality  of  the  tones  produced  by  pipes  of  different  materials  is  most  probably 
owing  to  a  very  feeble  vibration  of  the  materials  themselves. 
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fibmtifiDa  are  (jrodaied  tn  tubes  in  a  number  of  wnjB. 
By  blow itij^  tiblHf  110^;^  Into  tW  vpm  end!  of  a  txiht*,  aa  in  the  Pan* 


I'M* 


By  directing  q  current  of  air 


291 


Dgurc 

lb«  n| 


into  Bti  «(iibnut!]mr€,  (tr  n^nt  the  clawed  eud  of 
the  lube  Thesu  tubes  are  ealk-d  mouth- pi  pes. 
3,  By  thin  vtbrtiting  bni»irj(»  of  metHlt  Ot  of 
W^Hfd,  cuiled  rccils,  or  by  the  vibrntian  of  the 
UpiS  tctlng  na  rceda.    4.  By  a.  antftll  flanic  of 

Motitb^pipea, — Fig.  290  r«prcBCnts 
fiw  nmboudiiire  of  an  orgtin  tube, 
Ibat  of  a  -vrhi.^illo  or  flagenk't.    In  tbcso  tvn 
figurcft  ilje  nir  is  intreducied  bj  the  opening,  * 
(oanctl       tumihe);  ho  in  the  mouth,  uf  which 
Ibe  npp«r  lip  b  ber«led.  The  foot,  P,  fij;,  291, 
nvci*  the  pipe  with  &  wind-chest.    When  a 
curront  of  air  paue«  through  the  tiilet, 
U  eneounteT*  the  edgie  of  the  upper  lip,  which 
pftitially  obstputft*  it,  causing  a  Bhwk,  ao  thnt  Ihe  tiir  pMHea  through 
he  in  %n  ifstermittent  nmnoer.    Then^  pulaatiuns  are  trftomltted  to 
the  air  in  the  tube,  making  it  vibrntc,  tind  producing  a  sound. 

la  orU«t  t<t  liAvo  a  fatt  f^tiiKf,  tliera  most  axint  m  mruAo.  retutiuti  botwHU  tbe 
4in«UBioat  of  the  lipa,  the  opening  of  tbo  maii  tli,  nod  tbe  tbe  of  tbo  lumi^n. 
Ajsaiti,  thv.  Irtn^th  of  the  tube  incuit  twitr  a  evrUiin  ratio  to  It*  ili.imetor  In  thott 
vioil  ititlnttnaaL'),  Itku  lUo  diile.  flitgvatet.  Ae„  in  wbkh  various  aatci  brta  pro- 
<atiit  laj  the  opcniit);  itii4  <'lo»ii»g  of  buloii  in  tbcir  tidtt  by  mcani  of  fln^trt  «r 
Inrr*  ifi'  H  a  vir(u«l  T&ri&ttoo  lu  the  letip^tL  iirtfau  tube,  wbiirb  dtitemiaeA  ihp 
irioti*  o»Jt«*  proiliitcfd.  The  number  »f  vibration*  dep«i)d*  u]^u 
tlic  ■  of  iba  tub*  and  the  Telocity  uf  Ibe  curront  of  air. 

381.  Reed-plp«a. — A  reed  ift  an  elastic  plate  of  metal,  or  of  wood, 
atiaobet)  to  an  opening  in  ench  a  manner,  that  a  cuirent  of  air,  passing 
islo  the  opening,  cause*  the  plate  to  vibrate.  This  Tibration  m  ppopa- 
giied  to  the  aurrouiitlirjg  air.  Reeds  me  found  in  hautboys,  bniiaoona, 
elarivineit^,  trumfK<tm  and  in  the  iTewa-htirp,  irbivh  is  the  must  Him  pie 
iDnlrument  of  this  tpeciei, 

Fif ,  rrpr«f«nl«  a  va^A  pipe,  in<>titiUHl  on  tba  box  of  a  bellows,  Q.  A  i^laan, 
E.  in  one  of  llie  waits  at  tlic  iuln,\  »!li)w»  itiii  vihraliiini  iff  tU<!  rvc<l  tu  Im  tiMiD, 
Tie  T!   •i'mw  lo  flrcni^tbtMi  the  sou  nit.   Fig.  203  rt?|if«i«t''iil5  the  rwil  ftp** 

t»'.  iiil»d.    It  is  rcimpoius*!      a  rectant^illar  caw  n(  wokh],  (tloevfl  »l  its 

b'V   I  Open  at  tho  lof*.  »t  «  pulut        A  plulo  at  euppur,  e^,  crrmtatniN  a 

longttuiliinttl  (ipvning,  ilcfignc^l  t»>  bDow  the  pa■«flg^(^  the  nir  Uvm  tbo  lute,  M  S, 
tliroufh  iiiw  oriSco  Aft  <flftjiUe  ftlatfl,  i'>  iilmn«L  clttiitig  the  apcriure^  ii  entiflittMl 
at  til  upprr  vnd.  The  ilhtini;  rod^  r,  ei^tvcA  at  il«  tuwrr  ebil,  i^ertuhn  tlta  r»gtt- 
laiioR  iif  th»  pltnh,  hy  •^ItcraUvtii  it*  tJie  length  of  the  vthrating  part  of  tUtt  p)at«. 
Wb«a  a  earroQl  «r  aif  pasiM  ia  ilirou)(b  lh«  foot,  P,  tbis  med  vilira(«j  allsr' 
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nfttelj  opening  sad  clogiof  the  ik|««mtuni.    Tho  vlhnllmB  Iwing  Tory  rajtid,  tho 
iouml  produced  varies  in  pileb  wiLh  the  yeJocity  of  the  cmrenL    Tbii  sound  U 
tranamititfd  lo  Ibe  exterior  air  ttirongli 
the  opciittig 

lu  Itiis  kind  c^f  rccd,  llie  ribrntini; 
ptuid  |>04iC'9  tiiroiigh  the  »pcrtarO|  wUb- 
out  ita  wiilljj,  (loti  tlie  lone  is  rcmArkaUly 
ptir«  and  rr<»!  from  anj  harshness.  Tbe 
[lu»IU;;r  ofiho  ton*  of  n  recd-pipA  d^p^ndfl 
mmh  (<in  itfl  figure,  ulssy  upon  tbc  enn- 
strudiun  of  recdj  atkd  tba  material 
of  wbicb  it  le  compoged. 

In  ibe  FrcDcb  horn, 
tbe  trumpet,  and  otbcr 
aimiiariiislruTiieiita,  tb« 
•ound  is  produced  by 
the  rib  ration  odhe  lipt 
of  tbc  performer,  Mting 
Lik*  rt'cds, 

381  das  jet.— 
A  j«t  of  liydrogeti, 
bttrned  within  a  rail 
tube  ot  glass,  of 
othor  nirttcriul,  occa- 
Bi**n8,  if  accuratelj 
niljustedj  a  rousical 
note. 

A  Jimplf  form  of  this  iirraiij^emcnt  ta  bkd  in  Hg,  294,  wb«re  bydnigeu, 
rated  by  tbo  aotinn  of  diluip  sulphuric  acid  on  lioe  in  ibe  boUlc,  ia  bttrn<;d 
tbo  tmrrow  glnsi  tube,  witbm  one  of  Urger  diidea«)«tiB.  It  it  better  to  lake  tbi 
gu^  frm  ft  rcai^rvuif ,  or  j^aa  jet,  wttli  a  key  intcrpodcd,  to  rtigutatit  the  voiaao 
of  ihi;  flanii:.  Tbia  eiiu»«i  of  the  vibratiom  And  »i:>uad  iu  tbia  t^mo  is  lo  bv  fomid 
in  tb«  jucwsf  ivo  oxplftsioui  of  tmatl  porii«iti9  of  fro*  mingled  wilb  commoi 
nir.  Tbe  ]i«at  nci'iifliom  n  powerful  fl«eoi}{ting  carrcnt  of  Jiif,  momeut*ri) 
extinguLdbiDg^  ibc'  tliiuio,  and  at  tbo  tame  ia.«lAot  pcrmtUiag  tbo  iaL%turi>  of  tlta 
ntujnFpbcfic  »3:yi4i'U  wiib  a  portion  of  LuflaDitDabla  |;ad,  Tbe  fujcpiritig 
kiodlei  this  explasire  misture,  wiJ  religbt*  tbo  jet.  A*  tbeio  Fgcpt'iiaiTfl  pb«iio- 
meuA  occur  ivitb  great  rapiditj,  and  at  rcgulinr  inLorvals,  tho  ttoc^isary  ooftM- 
qaeneo  is  a  musical  note 

Fnr  a  fuU  diecnAsian  of  the  pbenomeaft  of  linglng  fluBti,  mo  a  ai«toulr  hf 
Prof.  W.  B.  Bogerf,  Am.  Jour.  Sci.  [t]  iitL  L 

383.  MuBical  inatJumGiitA. — The  principlee  almndj  erplamed  m 
tbi«  chnpt«r,  will  il]u>itrato  tUo  |MicuUfir  power  of  the  eoveral  mrts  u: 
tnosieal  irii^triiinciit^  Ifi  coiiininn  use.  It  is  incanabteDt  with  our  lituile 
Bpsice  lo  describe,  in  dotal U  thesQ  Bcvcml  itifitrutucnts.  Such  detiti 
belong  tu  tk  «peuiiil  treatise  un  mutik-,  IIisHii-iil  inNlniitie'tits  nri^  grutiji 
chmQy,  under  the  beiidh  iif  wiiiJ,  tiiitj  i<trliigi>d  iiiMtrutuvtiN,  aiul  iliDi 
liky  the  ttruni.  tn  wbich  a  membrane  L-<  tin?  ^uutce  uf  vibrntion. 
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d  in*irufHt/tfw  Afo  Aoauded,  ciiUor  trttb  nn  ambuucbure',  like  ft  flutc^  or  with 
The  lir^t  liiviAinn  inotludcfl  ilic  fluic,  tngOQlut,  Jkt;,,  atid  in  the  dcci^ud 
■n  faaiiil  Hit*  RLirionut,  Ijih^^oou,  Eiorne,  troisboDei^  Ac.  Tbo  orgnn  alnu  is  a 
wind  iuaLrucuunt,  awl  it,  iu comparably,  tho  grsadeat  of  oil  mqaieiU  inetrumoEibi, 
*i  lli  pQWvt  uini  taAjanty  in  friibunt  pamllcl  in  iadtrumeaLol  combinAtioiij, 

StrtM^eti  inmtfumxuu  nli  compu'tiuil  Luatruumdi^d,  The  Aoand*  |>ro4iiecd  bj 
Ibo  TlbrftUcm  uf  ibe  cords  »re  itteinjtbunetl  hy  da^tie  plates  of  wpmi,  aad 
mrliQMil  portiQnA  of  air,  to  wbiob  tbo  cordi  c^cuninuniciita  their  own  Yibratiims, 
Tb«j  ore  rtbrattid  uttbur  b/  a  bow,  as  ia  tbe  vioLiu,  bj  tmrwigmg,  mA  in  |bo  bftfp, 
«r  bjr  |»«f«iujiqu«  lu  in  tbtj  piduu. 

0rumt  of  iht^e  iorUi ;  ibo  common  regimen tftl  or  snare  drum,  wbicb  ia  a 
cjiiniler  of  t>r^«,  ctirvrc^U  witb  mumbrane,  and  bi^atcn  oa  od«  end  odIji  tbe 
I^Aaiii,  or  double  druTn^  of  much  larger  diDiiMi«ion»^  and  bcfttcn  on  both  b6».(]B  ; 
»ni  thirdly,  tbu  ItettlB  dnttii,  A  bemi^spbcni^nl  vcflwl  of  copper,  covered  with 
Vellitta,  atid  4up|iuirti3d  on  a  tript»d.  TUb  drum  has  an  opening  in  Ibe  metuliio 
^AM^  fco  vqaaHiO'  tba  vibrmtioni.  Tbdj  all  depend,  of  Douree*  upon  tbe  ribratiun 
pi  tmi0  niiitnbraiieii  (31K)« 

Z^4.  Vibratton  of  air  in  tubes. — Lawa  of  Beraoolli, — The 
ioltoy^tng  liktrs  af  the  vibration  of  fvir  coQialiied  In  tubes,  were  dii^co 
wcrcd  hy  DnixiA  BernouUi,  a  celebrated  geometrician  who  died  ia  17S2. 
W«  [nil J  divide  tubes  into  two  cIu«b0s, 

a.  Ta\tm  ii^  which  the  citremltj  oppositd  the  mouth  ia  obtsed. 

b.  Tulics  open  at  botli  extretnUies. 

a.  Tii^**!  o/"  wAieA  /Ac  extrcmi/t/  cpposiie  the  mouth  is  dosid, 
tat.  The  satoe  tube  may  produce  differeat  Buunda,  the  nyuiber  of 
TiUmtions  m  which  viU  ho  to  each  other  aa  tho  odd  uumbers,  1,  3,  5, 

%L  In  tuljes  of  unequal  length,  scauda  q(  tho  aamo  order  correspond 
Ui  the  number  uf  TibrationiL,  whi&h  are  in  tnvcrae  riitiu  of  the  length 
of  tho  tubes. 

3d.  Tiie  column  of  air,  vibwvting  in  tube,  h  divided  into  equal 
paxttf.  which  vttirate  separately  oiid  in  uni^un.  The  open  ori&ce  be i tig 
^wmys  in  the  middtaof  x  fibrating  part,  tbe  length  of  a  vibmting  part 
li  ei|ttal  lo  the  length  of  a  wave  currespoadtng  to  the  sound  produced. 

6.  Tubes  open  at  both  exiremities. 

The  laws  fur  tubes  open  at  both  extremities,  are  the  same  as  the  pre- 
o^dingt  eicepling  that  the  sounds  prwlueed  are  roprcsented  by  the  scries 
i>f  natural  numbers,  1,2,  3,  4,  (to« ;  and  that  the  extremities  uf  the 
tubes  are  in  the  middle  uf  a  vibrating  part.  Again,  tho  futidameiitnl 
iKHind  of  ft  tube  open  at  both  extremities,  is  always  the  acuto  outave  of 
tbft  winic  iMJunJ  in  a  tube  closed  at  one  exlremity. 

DetnoitVtratloil^'H  lb«  eidumn  uf  dr  oootaiiied  lu  a  lube  viWnte*  bj  a 
•Ibgln  wjirc  lh*i  iiiitiiber  v»bratum«  iviJI  eriduntly  bo  e^intl  lo  tbo  vclofilj^ 
«f  X'liud*  ri'ftivfteiiU'd  bjr  V,  divided  Uy  tliu  lunglli  *if  ttio  tiilw,       ur  lijr  tbo 

^tMtUrOt''.     It  ib«  t  kdlUiiti  i'(  Hit  >•  divided  luUt  a  (lumbKr  uf  M^mcuU, 
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Tibrating  separately,  let  I  represent  the  length  of  one  of  thcie  segment*,  and 

V 

the  nnmber  of  ribrations  per  second  will  evidently  be  =  y. 

(a)  If  the  pipe  containing  the  column  of  air  is  stopped  at  both  ends,  there  will 
be  a  node  at  each  end.    Let  it  represent  the  nnmber  of  nodes  inclnding  the  two 
ends ;  the  number  of  vibrating  segments  will  be  n  —  1,  the  length  of  each  yibra- 
L 

ting  segment  will  be  2  =  ,  and  the  number  of  vibrations  per  second  will  be 

n  —  1 

V  V 

=  (n  —  I)*— «  in  which  we  may  substitute  for  n  any  number  greater  than 
I  L 

.  -  .  V  r  V 

unity,  giving  the  series  of  possible  vibrations  1.—,  2~,  3—,  Ac. 

L    JL  L 

(fr)  If  the  tube  is  closed  at  one  end,  that  end  must  be  regarded  as  a  node,  and 
the  open  end  of  the  tube  as  the  middle  of  a  vibrating  segment  Therefore, 

2ii  — 1 

2(n  —  1)  -}-  l  =  2n  —  1  will  be  the  number  of  half  segments,  and  — - —  will  be 

the  entire  number  of  ribrating  segments  contained  in  the  length,  L,  and  the 

2ii— 1  V 

number  of  vibrations  per  second  will  become   •-• 

2  L 

Substituting  for  n  the  integers  1,  2,  3,  Ac,  we  obtain  the  following  series  of 
vibrations  for  the  different  tones  of  the  pipe  : — 

V  r  V 

If  the  pipe  is  open  at  both  ends,  as  before  let  n  be  the  number  of  nodes.  The 
number  of  completo  ventral  segments  will  be  n  —  1,  and  there  will  be  a  half 
segment  at  each  end,  making  n  segments  in  the  length  L.    The  length  of  a  coiq- 
L 

plete  segment  will  therefore  bo  — ,  and  the  number  of  vibrations  per  second  is 
n 

V 

fi-,  makiug  ?i  =  1,  2,  3,  Ac.    Wc  obtain  the  following  scries  of  ribrations  cor- 
Jj 

responding  to  different  tones  of  the  pipe : — 

V  V  r 

The  series  of  vibrations  for  the  tones  produced  by  a  pipe  will  be  as  follows  : — 
In  a  pipe  open  at  both  ends,  or  closed  at  both  ends,    .    .    1,  2,  3,  4,  5,  Ac. 

In  a  pipe  open  at  only  one  end,  h  I'  i'  h  i'  " 

In  the  latter  case  the  fundamental  nolo  is  an  octave  lower  than  when  both 
ends  of  the  tube  are  open,  or  when  both  ends  are  closed.  The  particular  tone 
that  a  pipe  will  produce  in  cither  of  these  scries  depends  on  the  strength  of  the 
blasL 

385.  Construction  of  moaical  instraments. — Practically,  the  end 
of  the  tube  where  sound  is  formed  is  never  entirely  closed,  and  usually 
the  enibocliure  is  on  one  side  of  the  tube.  The  laws  of  Bernoulli 
adapted  to  these  conditions  give  for  the  construction  of  musical  instru* 
ments  the  following  practical  rules : — 

I.  The  lengtli  of  the  tube  is  equal  to  the  quotient  of  the  velocity  of 


ACOtfiTIOS. 


281 


dif  ided  bj  the  namber  of  vibrations  and  diminished  b^  twice 
till  bread th  of  the  tube, 

2.  The  fiLtiiiber  of  vibrationa  Is  equikl  to  the  <)udtteiit  of  the  velocity  of 
*i)uDd,  diTided  by  the  length  of  the  tube,  increoaed  by  twice  its  breadth. 

3.  The  length  of  ft  cylindrical  orgJin  tube,  fliitiened  at  the  embochure, 
la  e<|ual  to  tho  quotient  of  the  velocity  of  sound  divided  by  the  Dumber 
of  vlbrati^l:Jns^  and  diminighed  by  fSve-thirda  the  diameter  of  the  tube, 
( Comptcs  Rcmlua,  T.  K  1860,  p.  176.) 

38G.  Vibrating  danm, — Illustrations  of  the  vibrntion  of  air  in  tubes 
Kre  ofteo  fumid  at  waterfalls.  The  horizontal  column  of  air  enclosed 
behind  the  descending  sheet  of  water  is  rarefied  by  frietiun  of  the  water 
which  carries  away  a  portion  of  tho  air,  and  the  external  air  rushing 
in  at  tlie?  sides  is  thrown  into  vibrations,  which  are  often  so  perceptible 
Ks  to  endanger  the  safety  of  persons  approaching  too  near  the  cataract. 

At  llie  falls  nf  lloljoke,  Mb^a.^  the  dcftt^cnditig  Eh«i?t  of  wmler  bo*  a  br^ftdtb  of 
inOS  r««t,  with  ii  r»ll  of^  feet,  dimiqbbQd  at  bigb  fl'tusU  to  3  iDclieiJ  Tho  pulsar-' 
tionn  af  tbe  ftir  ruibin^  in  lieblad  tb«  wiitorfAU  Turj  from  ^3  to  S&S  par  uttnute, 
»  }'r«fei»or  Bndl,  wbo  bu  dL'seribed  ihtrn  pboDom«Da  at  li»iigtb.*  "  Ai 
«av  tilDe,  iftien  I  witnujiserl  tbe  compAralivelj  tlfint  ujsL<i][jiUans  of  B2  per  tQinuki, 
]  tra*  «Ktr|trt!M»{]  bj  tbo  great  strcDgth  of  lb«  current  of  nir,  ju  tt  ruabcd  into  tbtt 
bjicuitig  nl  Ufc  CDd  tif  the  ^am^  I  coald  oot  vcDture  within  tbo  piuisttgu  through 
Iko  {Iter,  lent  I  ihotild  >h]  nwu^ii  in  bchibd  the  jgbeut;  tLut  C<,ii]t(l  I  iitaDd  at  tbo 
■titnncMi  (if  tbo  ax*^\k  wilbuut  hTW^iug  toysclf,  bj  jdncin^  both  ba»d«  wa  tbi» 
cornert."  Tbi^c  ribrnltona  nrv  »bown  by  Profesfloi  Sucll  follow  tbo  latri  of 
'Btrvottlli  for  tli«  vibnUloii,  of  ur  in  toboi. 

{  4.  Vocal  and  Anditoiy  Appajratns. 

1,    OF  VOICE  AND  SPEELU. 

387.  Voice  and  tpeeoli. — In  nearly  all  the  air-breathtng  rertebrate 
Rtiijtial^,  tliere  are  arrangements  for  the  producti^^n  of  sound,  or  roice^ 
in  »ome  part  of  the  respiratory  apparntit^.  In  numy  animala  the  sound 
ftdmita  of  being  variously  modified  aitd  altered  during  and  after  its  ppo^ 
duvtion  \  and  in  man  one  of  tho  renulte  of  auch  modidcation  is  gpeecH, 

^fiS.  Tbo  vocal  appaiatui  of  man  conei^t^t  of  the  thorax,  the 
trachea,  (lie  bryns,  the  pharyni,  the  mouth,  and  the  nose,  with  their 
apfvendiige*, 

Tb«  M>*f(M-,  hf  ihn  nid  tif  tbe  dlApbraifiia  and  \h&  int<rrco!tal  oiuifclcs  acUog 
ea  iht  lune^t  trltUiii.  sitUTrinicl^  compresiing  and  dilniing  thvm,  piurffiniij  ibo 
part  of  the  ♦K?ni*»if  proiliioing  a  current  of  nir  (i»r  tbo  pmdiirticm  of  »oun(L  Tho 
trnrlr*u  "r  llm  iriHilpiii*,  <fxt«ndin.|;  from  lliP  taryiis  lo  llio  hxn^,  tmlt  att  a  tnljo 
eiHivcy  iUc  nit  frooj  tho  1udj;»  to  iht*  organn  more  iinmcdmudj  conevriit.>d  in 
p(md«i<Miriri  u1  xoicB  and  »tpecrli.  Tbu  l(n  i/a*f,  wbicb  tnny  bo  (<on&id<>l\'d 
Bmaical  ur^mt  of  tho  voice,  currvapr^nda  la  ibe  mouths pjces  <»r  tbal  part  it 
Ibi  oi^au  tvbo  wUlcb  )tire<A  ibo  peculiar  cbariMiitfir  to  the  aoatid.    Tbu  fikdryttj 
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U  m  lurgcs  ctitlly  ahovo,  the  Urjnx,  wbieh,  by  the  vnrymg  form  and  UitdoA 
iin  wallis,  njodiUea  tb«  looti  of  tbo  Vfikc,  The  mnatU  an  J  iiaaul  pits'jttgo*  tforwit 
pond  to  the  upper  imrt  ©f  an  orgiui  tubo  frgm  which  tbo  vihrnLkoa  of  llt« 
colututi  of  HIT  are  thrown  into  tUe  atmospli^re. 

The  laiynx,— This  orgnti  is  com  posed  essentiftlly  of  four  cwtilftge!*^ 
called  respectively  the  tlijptiid,  cricjid,  ftnd  the  two  nrTteaoid  carti* 
luges.  Tbo  cuviiy  of  the  larytis  is  nearly  closed  hj  two  pairs  i>f  i»eui- 
branefl,  called  the  xocul  cords  the  apcniDg  between  vhimh  h  called 
i)m  glottia,  29k 

In  flg.  286,  f  bowing  ft  TCrtka!  fc^-tion  ih rough 
Ihe  l*rjnx  nad  glottis,  tha  poaitioa  of  the  tby- 
Toid  and  enai»id  0«rtil»g«i«  is  aeeo  in  A  a  a. 
Tbu  thyroid  cur  til  Ago  contiMtfl  oi'  liro  flat  ptatca 
whojfi  upper  edges  »re  curved  dome^hat  likfi 
the  ktler  iST,  tuid  fornii  &  prom i ami t  prry«<:tLoii 
OD  tho  throKt  of  man,  vUibIa  ejctvrioriy,  iwid 
viilgmrlj  calloJ  Adnm'a  AjjjiIo,  Tbe  ericciid 
diuriiUg'e,  cii<vli<^s  below  the  thyroid  c^trUlftgCt 
und  ia  in  fnvct  ontj  an  cDloirgenieat  of  one  of 
tho  oartiliLgitious  rings  rorming  the  wiad-plp«. 
TLe  poailiua  of  the  fcrjlenoid  e*rtilagot  Li  over 
the  cricoid  cjiriiIiLg«j.  Th«d«  f  erera]  cftrtlli^, 
with  tho  hyuid  boD»,  ierve  ina  pmntn  of  uttoofa- 
iii«nt  for  the  museka  furniiiig  thij  proper  vocaX 
»ppariitua.  Tho  t  wo  t'bbf  tunguea  of  tho  glottii, 
or  proper  Tocal  carda,  e  extend  from  Lbs 
thyroid  eartilago  to  the  (wyienold  cariiliiigci> 
mud  lisAva  botweoti  them  &  fi«snre,  the  rima 

vocQiUf  ttT  glottis,  shown  hotter  la  fig.  Thu  fiaanxa  teada  oa  ana  side  intO' 

the  traiibea^,  w bicsb  Vmi  btilow  (h«  ]iLrj-ax,  and  on  the  other  intu  ihe  cuvkj  uf  lha 
l^ryn^e  i  tie  If.  wbtcb  cotnmuDit^sitvA  with  tha  ctivltks  uf  tha  rooutb  nnd  iiom 

fieitdei  tho  proper  rocal  cords,  there  are  the  T«Dtrkiilar  cordjs,  d  d,  fiimtt«(l 
■  small  dijtaDco  nbovo  Ibcm  id  tbo  epiglottis;  tbcj  are  leas  developed  iboa  Iho 
flrnt.  Tbti  TuiitriDwlar  cord*  havv  oo  part  m  thd  prGditciion  of  vocid  soutiddi 
which,  how^rorr  tbtiy  danbtleff  lerre  to  modtfj  aod  etrcngthea  ia  the  snme  way 
M  tho  conketl  cn«e  fturmountiiig  so  organ  tube. 

BetweDD  those  two  loti  of  corda  aro  seeD  the  deep  deprevslons,  railed  (Im 
TBulrklca  of  the  glottia. 

Tho  Toico  is  produced  in  the  larynx  ;  for  if  an  opening  is  pierocrl 
into  the  trachoa,  below  tho  larynx,  the  air  efCJipetf  by  %hi*  opening, 
%nd  it  is  not  pfi«sibk  to  prudut'e  any  vocal  soond*  If  an  operjitig 
u  mado  aboro  the  larynx,  it  doc^  not  prevent  the  fnruiation  of 
BoUDfl.  MageDdict  mentioas  tbe  *r-Ma  o(  a  man  who  had  a  fifituloiis 
opening  in  hla  trachea,  and  nhu  cog  Id  not  iipeok  unksij  he 
do»od  it,  Of  ware  a  tight  proTnt. 

Tbe  elottle.— A  clear  idea  may  his  nbiniued  of  the  form 
nnd  {tction  of  tlie  gli^ltis,  by  supposing  two  pieces  of  hiilhi 
rubber  stretched  over  the  orifiee  of  a  tub«,  m  that  a  flDinll  fissure  i^  kft 
between  Uiem,  fig.  296. 
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07  ror«iii^  »ir  through  mtsh  *  luhv,  noandti  witl  he  |>rod:uccJ,  TBrriag  with 
th*  t*n*i*>n  of  ihtt  aiewbratics  and  tlie  dimonBioni  of  the  apcrtare.  The  glottis 
Ij  »  fi«Aur«-Uk«  (ipcmjiig^  bounrliid  BituLliir  mambraDe^,  fly  means  af  n  seriel 
o^f  rmaU  moectei,  tb«  vocal  cord«  maj  be  extended  or  rclAxod  at  picnaure,  while 
bditft  mnirlisi  ftlTord  the  power  of  Alt^rtn^  tho  width  of  the  vocal  finsim. 

f  '  ■  lii^nnimtj>  bt^irg  tbiokor  nt  tbcir  free  cigeB  thnn  ela«wheri},  they 

Tilf.,  bui  m  thcj  alto  extc^nd  like  platee  to  thtt  aidoa  of  the  tArjnXt 
tiivu  \  ibil  .i.uins  ftnr  rery  naarlj  allied  tu  the  i?ibratioD  ofrecdi.  Them  ha*  b««it 
neeh  «ODtrorer»j  aa  to  whether  th«  Ur;f»x  aod  glottic  are  be  co&ddcted  u 
■  ie«d,  or  M  »  •tf  Lngcd  Lnstrument,  It  it  probabljr  m«ro  corroct  io  say  that  il 
Kli  upon  tbm  prinelplei  of  hoth  ccnabinvd. 

38!).  Mechaniim  of  th&  vi^ice. — Tbe  fumAtioD  of  sound  In  tlie 
lnrjnXt  at  Iiafi  been  nlreaJy  (juggesteJ,  ia  produced  hy  tbe  vibration  gf 
?f>cal  ctjrdSf  acting  a^i  n  frpeciea  <>f  tnembrancjus  reed,  under  the 
ittfliumc^  of  atr  from  the  lungs.  The  sound  beittg  produced  aa  in  ordi^ 
nary  ttmiB  {3S1)  hj  the  iclermlttent  current  S9T 
ofmr. 

The  glottis  i»  the  c^riginiil  seat  of  the  eoundf 
tuid,  »lth'>Mgh  other  parts  of  the  reapiratorj 
«pjiarotus  btiTe  n  certain  influence  in  modifjiRg 
the  tone,  tliej  have  no  share  whttteTer  in  the 
pnxJutition  of  the  sounds,  or  in  determining 
ibpif  pitch. 

When  at  rcst^  the  Hps  of  the  j^lotlia  are 
^riokkn)  lind  pHcatedt  so  that  the  air  in  reapi- 
ntiun  passing  through  the  fissure  fails  to  put 
tii«  membranes  in  vibration.  But  as  the  rausi- 
el&n  limes  hisi  instrument  hj  Increasing  or  di- 
miiitshin*^  the  lensjoQ  of  its  vibrating  strings,  so  flomellun^  like  this 
occurs  with  the  human  hirvnit,  Thu  two  conditions  of  the  glottis  lire 
tx^utiftillj  shown  Uj  the  two  parts  of  fig.  207,  from  MUlier*  Tlie 
oprpcr  shows  the  organ  at  rest,  the  vocal  cotdA,  ee,  being  relaxed^  while 
in  the  lower,  these  cords  are  shown  as  in  the  act  of  vibrating  ;  the  small 
&tr  pussRgi^t  (^t  opening  into  the  trachea,  ia  never  closed.  When  eouods 
«re  to  be  pro^Juced,  the  fissure  is  contracted  and  the  membranes  receive 
th*  degree  of  tension  necessary  for  vibration.  The  sound  varies  accord- 
ing U>  the  ten9i«>n  of  the  membranes,  the  magnitude  of  the  fissure,  and 
the  forin  und  magnitude  of  the  passages  through  which  the  air  thus  put 
into  Tihration,  parses  before  it  issues  into  the  atmosphere. 

R&u^e  of  the  buinitn  voice,— I o  speaking,  the  range  of  the 
voice  is  subject  to  but  very  little  variation,  being  generally 
to  half  an  oeUve.  The  entire  range  of  voice  in  an  individual  ia 
rmretj  tiireo  octaves,  but  the  male  and  female  voice  taken  ttJgetUer  may 
be  «WDsidered  as  reaching  to  fvdf. 
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There  are  two  kinds  of  male  voices,  called  baas  and  tenor,  and  two 
kinds  uf  female  voices,  called  contralto  and  soprano,  all  differing  from 
each  other  in  tone.  The  strength  of  the  bass  voice  is  in  general  greater 
on  the  low  tones  than  the  tenor.  The  contralto  is  also  stronger  on  the 
low  tones  than  the  soprano.  But  bass  singers  can  sometimes  go  very 
high,  and  the  contralto  frequently  sings  the  high  notes  like  soprano. 

The  essential  difference  between  the  bass  and  tenor  voices,  and 
between  the  contralto  and  soprano,  consists  in  the  tone  or  **  timbre" 
which  distinguishes  them  even  when  they  are  singing  the  same  note. 
The  barytone  is  intermediate  between  bass  and  tenor,  and  the  mesio- 
soprano  is,  in  like  manner,  found  between  the  contralto  and  soprano. 
These  two  qualities  of  voice  have  a  middle  position  as  to  pitch  in  the 
scale  of  male  and  female  voices. 

The  different  qualities  of  tonor  and  bass,  and  of  alto  and  soprano  toIom^ 
probably  depend  on  some  pecnliariiies  of  the  ligaments,  and  tho  membranoos 
and  cartilaginous  parictes  of  the  laryngeal  carity  which  are  not  at  preaeni 
nnderstood.  We  may  form  some  idea  of  these  pocuiiarities,  by  recollecting  that 
mnsical  instruments  made  of  different  materials,  e.  g.,  metallic  wires  and  gat- 
atrings,  may  be  tuned  to  the  same  note,  but  that  each  will  have  a  peculiar  quality 
or  "  timbre." 

The  following  are  the  limits  of  the  different  classes  of  voice,  as  determined  by 
Cagniard  de  Latuur,  Savarfc,  and  others,  the  numbers  annexed  being  the  num- 
ber of  double  vibrations  of  the  glottis  produced  in  a  second  of  time. 

Soprano,  |  ^^g^'       Mciio-soprano,  |  ^jq'  Contralto, 

(  a2S,         _     ,  f  352, 

Tenor,     |  j^,*        Barytone,         |  Bass, 

391.  Ventriloquism,  stuttering,  &c. —  Ventriloquitm  is  supposed  by 

many  investigators  to  consist  chiefly  in  the  use  of  inspiratory  sounds ;  this  is 
true  only  to  a  certain  extent  The  art  of  the  ventriloquist  depends  greatly  on 
the  correctnciis  of  ear  and  flexibility  of  organ,  through  which  common  tones 
arc  modulated  to  the  position  and  character  in  which  the  imaginary  person  is 
suppoiiud  to  speak  ;  other  means  oflen  being  used  to  heighten  the  deception,  as 
concealing  the  face  that  the  play  of  organs  may  not  be  observed ;  often  in 
spcalcing  with  expiratory  notes,  the  air  expelled  by  one  expiration  is  distributed 
over  a  large  space  of  time,  and  a  considerable  number  of  notes. 

In  $tHttfritnj,  tho  several  organs  of  speech  do  not  play  in  their  normal  succes- 
sion, and  thus  are  continually  interfered  with  in  couvulsive  impulses  and  ineffi- 
cient adjustments.  Tho  cause  of  this  result  lies  almost  wholly  in  the  nervous 
apparatus  which  rules  over  the  organs  of  speech.  Important  remedial  means 
are,  to  study  carefully  the  articulation  of  the  difficult  letters,  to  practice  their 
pronunciation  repeatedly  and  slowly,  and  to  speak  only  when  the  chest  is  well 
filled  with  air. 

In  deaf  ami  dumb  periion$  tho  organs  of  speech  have  originally  no  essential 
defects.  The  true  cause  of  their  dumbness  lies  in  their  inability  to  perceive 
sound.  The  impossibility  of  appreciating  tho  several  sounds,  and  thus  gradu- 
ally acquiring  the  power  of  properly  adjusting  tho  organs  of  speech,  is  the 
chief  reason  why  the  second  infirmity  is  associated  with  the  first 


704, 
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220, 
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392.  Production  of  Bounds  by  inferior  animals.  —The  sounds 
which  the  different  animals  produce  are  peculiar  to  the  class  to  which 
they  belong ;  thus  the  horse  neighs,  the  dog  barks,  the  cat  mews,  &c. 
These  various  modifications  depend  on  the  peculiar  structure  of  the 
larynx,  but  more  upon  the  form  and  dimensions  of  the  nasal  and  other 
cavities,  through  wliich  the  vibrating  air  passes. 

The  eat  it  diitinguidhed  from  other  maininifers  hj  the  almost  eqaal  devclop- 
ment  of  the  ioferior  and  superior  vocal  cords.  Many  of  its  notes  are  almost 
haman.  The  horse  and  ass  are  supplied  with  only  two  vocal  cords.  Animals 
which  howl,  and  are  heard  at  great  diolanccs,  have  generally  large  laryngeal 
▼entricles. 

Birds  ore  furnished  with  two  larynx,  a  superior  and  inferior,  which 
iterve  at  the  same  time  for  the  entrance  and  exit  of  air,  and  for  the 
purposes  of  vocalization.  The  upper  larynx,  which  corresponds  to  the 
larynx  in  mammifers,  can  only  be  regarded  as  an  accessory  of  the 
voice.  The  lower  larynx  is  the  true  larynx  ;  it  is  placed  at  the  lower 
part  of  the  trachea,  where  it  branches.  Those  birds  in  which  it  is 
absent  are  voiceless.  The  voice  of  birds  is  produced,  like  that  of  mam- 
mifers,  by  the  vibration  of  the  cords  of  the  glottis. 

Insects,  in  general,  produce  sounds  remarkable  for  their  acatencss. 
Their  sounds  are  produced  in  a  great  number  of  ways,  some  effecting 
it  by  percussion,  and  some  by  the  friction  of  exterior  homy  organs 
upon  each  other,  as,  for  example,  in  the  grasshopper.  In  others,  the 
swiftly  recurring  beatings  of  the  wings  produce  sounds,  as  with  the 
musquito.  Many  insects  produce  sound  by  the  action  of  some  of  their 
organs  on  the  bodies  around  them,  as,  for  example,  the  various  insects 
which  gnaw  wood.* 

II.    TUE  EAR. — HEARING. 

393.  Auditory  apparatus  of  man. — In  the  car,  impressions  are  not 
at  once  made  upon  the  sensory  nerve,  by  the  body  which  originates  the 
sensation,  but  they  are  propagated  to  it  through  the  medium  of  the 
atmospheric  air. 

The  organ  of  hearing  in  man  is  composed  of  three  parts:  the  exter- 
nal ear,  the  middle  ear,  or  tympanum,  and  the  internal  ear,  or  laby- 
rinth. 

The  external  ear  consists  of  (1)  the  pinna,  or  pavilion,  a,  fig.  298, 
which  collects  the  soniferous  rays,  and  directs  them  into  (2)  the  audi- 
tory canal,  or  meatus  auditorius,  b. 

The  peculiar  form  of  the  pinna,  with  its  numcroas  elerattona  and  depressions, 
has  not  as  yet  been  satisfactorily  shown  to  be  related  to  the  principles  of 
acoustics. 

The  auditory  canal  proceeds  inwards  from  the  pinna,  to  the  tympanum,  e; 


27 


*  See  Appendix,  p.  Gf  8. 
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it  is  an  elliptical  tube,  about  an  inch  long.  Its  interior  ia  protected  by  hairi, 
and  by  a  waxy  sccrotiun. 

The  middle  ear,  tympanum,  or  tympanic  cavity. — Tho  middle 
ear  is  a  cavity  in  the  temporal  bone  filled  with  air,  and  somewhat  hemi- 


298 


spherical  in  form ;  it  nieasuroa  about  half  an  inch  in  every  direction. 
It  extends  from  the  tympanum,  c,  fig.  29S,  to  o  and/,  and  encloses  the 
cliain  of  bones,  cdef,  called  the  ossicles,  or  little  l)oncs,  of  the  ear. 

The  middle  ear  is  separated  from  the  auditory  canal  by  a  thin  oval 
membrane,  the  mcmhrana  tympani,  which  is  placed  obliquely  across  the 
end  of  the  canal,  at  an  angle  of  about  45°,  its  outward  plane  looking 
downwards  and  forwards. 

The  Eiisiachian  tube  is  a  membranous  cnnal  leading  from  the  anterior 
portion  of  the  middle  ear  downwards  and  forwards  to  the  pharynx,  with 
which  it  communicates  by  a  valvular  opening  that  is  generally  closed. 

The  Kiistaohian  tulm  j,'ivc3  exit  to  tbc  mucus  which  forms  in  the  middle  ear, 
and  iil^ci  permits  the  entrance  of  air  to  ]ire!<errc  oquulity  of  pressure  on  tbc 
cxtenuil  and  internal  surfaces  of  the  mcmhrana  tympani. 

Tho  di">conir)rt  produced  l»y  unequal  pressure  on  tho  two  surfaces  of  ibo 
mcmhrana  tympani  may  easily  he  understood  hy  clo.«*infc  the  nope  and  perform- 
ing tho  act  of  swuUowiug,  when  tho  air  will  be  partially  exhausted  from  the 
middle  car.  Tho  external  iirvs.-iure  on  (he  mcmbraua  tympani  then  becomes 
greater  than  the  internal,  an  unpleasant  sensation  is  produced,  and  the  sense 
of  hearing  is  oh.xcured.  Forcible  distension  of  tho  pharynx  in  blowing  a  horn 
or  trumpet  often  produces  a  disagreeable  fullness  in  the  ears,  by  forcing  air 
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tliroogh  the  EastachUn  tube  into  the  middle  ear.  A  cold  often  impairs  the 
■MM  of  hearing  by  obstructing  the  Eustacbian  tube. 

A  chain  of  three  small  bones,  the  ossicles  of  the  tjinpaimni»  passes 
through  the  middle  ear  from  the  mcmbrnna  tympani  to  the  entrance 
of  the  internal  ear.  These  bones  are  shown  separated  from  each  other 
in  fig.  299. 

The  malleus,  or  hammer-bone,  m,  the  incus,  or  anvil,  o,  a^il  the  stapes,  or 
stirrup,  (.    They  are  connected  with  each  other  in  such  a  manner  299 
a*  to  allow  of  slight  moTomcnts.    This  chain  of  bones  is  attached 
at  one  end,  as  is  shown  in  fig.  29S,  by  the  handle  of  the  malleus, 
to  the  tympanic  membrane,  and  at  the  other  by  the  foot  of  the 
stirrup,  to  the  membrane  of  the  fenestra  oralis. 

The  muscles  which  act  upon  these  small  bones  are  supposed  to 
hare  the  power  of  giring  more  or  less  tension  to  the  membranes  Ak 
which  they  connect,  and  thus  rendering  them  more  or  less  scnsi-  f 
tire  to  sonorous  undulations. 

The  internal  ear,  called,  from  its  complicated  structure,  the  laby- 
rinth, has  its  channels  curved  and  excavated  in  the  petrous  bone,  the 
hardest  of  any  in  the  body.  The  labyrinth  consists  of  three  parts ;  the 
vestibule,  the  semicircular  canals,  and  the  coclilea. 

The  rcstibule,  g,  fig.  298,  is  a  central  chamber,  formed  in  the  petrous  bone  j 
in  it  are  a  number  of  openings,  fur  branches  of  the  auditory  nerve,  small 
arteries,  Ac.    In  its  external  wall,  the  fenestra  ovalid  ia  found. 

The  semicircular  canals  are  three  in  number,  opening  into  the  vestibule  at  its 
posterior  and  upper  part,  and  placed  in  ])laucs  at  right  angled  to  each  other. 
Within  thcio  canals  are  placed  ilexiblc  tubes,  of  the  same  form,  called  membran- 
ous canals,  filled  with  fluid. 

The  cochlea,  i,  is  a  conical  tube,  wound  spirally,  making  two  and  a  half  turns. 
It  n;sembles  a  snail's  shell  in  appcanance ;  whence  its  name.    Its  interior  is 
dirided'by  a  spiral  lamina,  called  the  lamina  spiralis,  into  two  passages  which 
eommunicate  by  a  little  hole  in  tho  upper  part  of  the  300 
helix.   Between  the  membranous  and  tho  bony  lubyrinths, 
a  peculiar  liquid  (the  perilymph)  iivt6tveue«,  irli)cbJ^ 
fills  the  cavities  and  cochlea  ;  ttn  iMwfemwwUl  lli^fi'^^ 
is  distentlcd  by  another  liquid  (|h««liy^^ii)«  #1^1^ 
the  labyrinth  thus  filled  with  li(t«|^^ia[l|laa!  filanientit 
of  the  auditory  nerve  are  placed. 
They  are  expanded  in  the  vcs- 
tibole,  spread  out  upon  the 
lamina  spiralis,  and  also  in 
certain   enlargements,  called 
ampullae,  at  the  entrance  of 
the  semicircular  canals;  but 
they  do  not  traverse  the  semi- 
circular canals. 

Fig.  300  is  a  magnified  view  of  the  labyrinth,  showing  the  form  and  relation 
of  the  vestibule,  semicircular  canals  and  cochlea,  partly  laid  open,  so  as  to  di.« 
play  their  interior  construction. 
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394.  Funotions  of  the  different  parts  of  the  ear. — 1.  The  watm 

of  aound  passing  into  the  cxtornal  ear,  are  collected  and  directed  into 
the  nuiUtory  canal,  and  strike  upon  the  tympanic  membraiie,  which  is 
thus  thrown  into  vibration. 

2.  The  chain  of  bones  connecting  the  membrana  tympani  with  the 
fenestra  oralis,  receives  the  vibrations  and  transmits  them  to  the  Testi- 
bule  through  the  membrane  which  covers  the  fenestra  oralis. 

3.  Vibrations  thus  excited  in  the  fluid  which  fills  the  labyrinth,  «re 
received  by  the  expanded  filaments  of  the  auditory  nerve,  and  the 

'sensation  of  sound  is  thus  transmitted  to  the  brain. 

In  considering  the  usoa  of  the  difTeront  parts  of  tho  middle  and  internal  ear, 
it  is  necessary  to  refer  to  tho  following  principles,  which  have  been  fbllj 
demonstrated  by  experiment. 

1.  Atmospheric  vibrations  lose  much  of  their  intensity  when  transmitted 
directly  to  either  solids  or  liquids. 

2.  The  intervention  of  a  membrane  greatly  facilitates  the  transmission  of 
vibrations  from  air  to  liquids. 

3.  Vibrations  are  readily  transmitted  from  air  to  a  solid  body,  if  the  latter  is 
attached  to  a  vibrating  membrane,  so  placed  that  the  vibrations  of  the  air  act 
upon  It. 

4.  Sonorous  vibrations  are  communicated  from  air  to  water  without  any  per- 
ceptible loss  of  Intensity,  when  to  the  membrane  forming  the  medium  of  com- 
munication there  is  attached  a  short  solid  body,  which  occupies  the  greater  part 
of  its  surface,  and  is  alone  in  contact  with  the  water. 

6.  A  RoHd  body  fixed  in  an  opening  by  means  of  a  border  membrane,  so  as  to 
be  movable,  communicates  sonorous  vibrations,  from  air  on  one  side  to  water 
or  the  fluid  on  tho  other  side,  much  better  than  solid  media  not  so  constructed. 
Itut  the  propagation  of  sound  to  the  fluid  is  rendered  much  more  perfect  If  the 
solid  conductor  thus  occupying  the  opening  is  by  its  other  end  fixed  to  the 
middle  of  a  tense  membrane  which  has  atmu:<phcric  air  on  both  sides. 

These  principles  enable  us  to  understand  that  vibrations  arc  communicated  to 
the  internal  ear  with  greater  intensity,  by  means  of  the  mcntbruna  tj-nipanl  and 
the  chain  of  tympanic  ossicles,  than  if  these  organs  did  not  intervene  between 
the  atmospheric  air  and  the  internal  car.  We  find  that  in  the  lower  orders  of 
animals,  where  hearing  is  le^s  acute  than  in  man,  tho  middle  ear  and  tympanie 
ossicles  are  wanting.  Tho  air  in  the  cavity  of  the  tympanum  serves  also  to 
Insulate  the  chain  of  small  bones,  and  preserve  tho  purity  and  intensity  of  the 
vibrations  which  are  transmitted.  The  communication  between  the  middle  ear 
and  the  external  air,  by  means  of  the  Eustachian  tube,  is  thought  to  prevent 
reverberntujn  and  echoes  in  that  cavity. 

Tho  sound  of  a  tuning-fork,  or  other  sonorous  solid  body,  applied  to  the  teeth, 
or  any  buuc  of  the  head,  is  heard  more  diftiuctly  than  when  the  sound  is  trans- 
uiiticd  to  the  car  by  means  of  the  air;  it  has  therefore  been  ctmcluded  that  the 
cochlea,  aud  especially  the  lamina  spiralis,  facilitates  the  a])prcciatlon  of  such 
souiid.s.  In  regard  to  the  use  of  the  semicircular  canals,  the  opinions  of  phy- 
siolojrif  tfl  are  as  yet  divided. 

F(»r  full  disjcus.siuns  of  tho  functions  of  diflerent  parts  of  tho  ear,  the  student 
is  referred  to  Carpenter's  Physiology  and  to  Todd  St  Bowman's  Physiology. 

oUo.  Natural  diapason.— Cagniard  de  Latour,  one  of  the  beet 
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modern  authorities  in  acoustics,  satisfied  himself  that  he  heard  the 
sound  la  (A  of  the  musical  scale)  sounding  within  his  head  when  he 
agitated  it  from  side  to  side.  Mr.  Jobard  suggests  that  this  natural  la 
is  caused  by  the  contact  of  the  malleus  against  the  incus  in  the  ear,  a 
contact  easily  made  by  a  rapid  movement  of  the  head,  the  neck  being 
iisembarrassed  of  clothing.    (Am.  Jour.  Sci.  [2]  XXVI.  97.) 

396.  Orsans  of  hearing  in  the  lower  animala. — The  soDphytes 
appear  to  be  wanting  in  the  sense  of  hearing,  and  no  special  auditory 
apparatus  has  been  discovered  in  insects,  although  they  do  not  appear 
to  be  altogether  insensible  to  sound.  In  the  mollusca,  the  organ  is  a 
sac,  filled  with  liquid,  in  which  the  last  fibrils  of  the  acoustic  nerve  are 
diffused,  or  a  nerre  fibril,  in  connection  with  a  little  stony' body  (an 
otolitli),  included  in  a  sac  of  water.  These  animals  can  only  distinguish 
one  noise  from  another,  or  their  quality,  and  that  imperfectly,  and  have 
no  perception  of  musical  notes.  This  organ,  corresponding,  as  is  as- 
sumed, to  the  semicircular  canals,  increases  in  complexity  as  we  rise  in 
the  scale  of  being.  In  lizards  and  scaly  serpents,  the  cur  commences 
with  the  tympanic  membrane ;  and  there  is  added  a  conical  cochlea. 
As  we  pass  through  them,  the  plan  is  further  developed ;  the  tympanic 
cavity.  Eustachian  tube,  the  chain  of  bones,  &c.,  appear.  In  birds 
there  is  a  continued  improvement,  and  all  the  aerial  tribe^  of  mammals 
have  external  ears,  while  a  full  development  of  all  the  auditory  parts  is 
reached  only  in  man. 


Problems  in  Acoustics. 

Velocity  of  Sound. 

Ii3.  The  ruuililiii};  of  tliunder  was  heard  7]  seconds  after  the  corresponding 
flash  of  li;;hlning  was  seen  ;  what  was  the  di^itanco  of  the  discharge? 

154.  Calculate  the  velocity  of  sound  in  air  at  a  tcmpcraturo  of  90° ;  nlsu  at 
40°  below  zero  of  Fahrenheit's  scalo. 

155.  What  time  would  bo  required  to  transmit  sound  ten  miles  in  the  waters 
of  a  quiet  lake  ? 

156.  In  what  time  would  8oun<l  travel  a  distance  of  .1^  miles  in  each  of  tbo 
following  suh:«tanccri  :  iron,  wood,  carbonic  acid,  hydrogen  gas,  vapor  of  alcohol 
at  1 10°,  vapor  of  water  ot  151°  ? 

157.  What,  time  wa.s  rc<iuired  to  transmit  the  sonnd  of  the  explosion  of  the 
Tolcano  at  St.  Vincent's  to  Demerara  (sec  page  200),  supposing  the  sound  to 
have  trnvelled  in  the  air  alone? 

15S.  At  what  distance  from  the  source  of  sound  must  a  reflecting  sarface  b« 
placed  that  an  echo  may  be  beard  three  seconds  after  tbo  original  sound? 

159.  From  the  top  of  a  precipice  a  stone  was  let  fall,  and  after  5|  seconds  it 
was  heard  to  strike  the  bottom.    What  was  the  height  of  the  precipice  ? 
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160.  What  was  the  distance  of  the  meteor  which  was  hoard  at  Windsor  CasUe, 
in  1783,  ten  minutes  aflor  it  disappeared,  assuming  the  air  at  50°  F.  ? 

161.  An  observer  supposes  himself  in  t)ie  range  of  a  distant  cannon,  the  report 
of  which  he  hears  19  seconds  after  seeing  the  flash;  how  soon  may  he  appre> 
hcnd  danger  from  the  ball,  supposing  it  (o  fly  at  the  rate  of  a  mile  in  eight 
seoonds  ? 

162.  The  flash  of  a  gun  throwing  shells  was  seen  duo  cast  from  the  observer; 
after  three  seconds  the  report  was  heard ;  after  another  interval  of  three  seconds 
the  shell  was  seen  to  explode  40°  sonth  of  east,  and  the  explosion  of  the  shell 
was  heard  three  seconds  later;  to  what  distance  was  the  shell  thrown  ?  and  what 
was  its  velocity  of  flight  ? 

Physical  Theory  of  Music. 

163.  A  metallic  wire,  placed  upon  the  sonometer,  vibrates  300  times  in  » 
second;  by  how  much  must  its  length  be  diminished  that  it  may  make  370 
vibrations  per  second  ? 

164.  What  number  of  vibrations  per  second  are  required  to  give  the  note  Q  1 
of  the  Italian  opera? 

165.  What  is  the  length  of  a  wave  in  air  when  an  instrument  sounds  E  3  of 
the  Berlin  opera? 

166.  What  arc  the  relative  numbers  of  vibrations  required  to  form  the  notes 
E  and  D  sharp  ? 

167.  What  is  the  iutorval  between  C  sharp  and  D  flat  when  both  notes  aro 
correctly  suundutl  ? 

lOS.  How  docs  the  interval  of  four  perfect  fifths  difler  from  a  major  third  in 
the  Hcalc  two  octaves  above  the  key  note? 

1G9.  What  is  the  fractional  expression  for  the  chromatic  semitone  ?  What  for 
the  );raru  chromatic  semitone? 

170.  What  ia  the  number  of  beats  in  a  minute  formed  by  two  tones  whoso 
vibraticms  aro  as  '2i  to  25,  when  the  higher  note  makes  750  vibrations  per  second  ? 

171.  ("alculato  the  number  of  vibrations  per  teoonMl  at  the  Hulyoke  Falls, 
when  the  full  of  water  is  5  feet  and  the  breadth  of  the  dam  1008  feet,  the  cn- 

,  i/^  closcii  ('i.hnnn  of  air  being  entirely  open  at  both  ends.    Rein  Ht  llin  i  wli  iiUlion 

fw  »  fall  rrf  B  uinl'4  fwet  rmptirtivfly. 

172.  Estimating  the  velocity  of  sound  at  340  metres  per  second,  what  number 
of  vibrations  per  .*iceoud  will  be  produced  in  a  square  organ  tube  who$«  length 
is  1"13  metres  and  it.s  breadth  0*08  metres  ? 

173.  The  organ  of  the  church  of  Saint  Denis,  in  Paris,  is  tuned  to  the  normal 
In  (A  .'{)  of  880  simple  vibrations  per  second,  and  a  square  tube  9-5G6  metres 
long  and  0-4S  metres  broad,  was  constructed  to  play  c/o_]  (C.;),  but  on  trial  it 
wai  found  too  flat.    What  alteration  of  its  length  would  correct  its  tone? 

171.  Calculate  the  rcpcctive  lengths  of  a  series  of  square  organ  tubes  to  play 
the  scale  commencing  with  C  1,  the  longer  tube. having  a  breadth  of  4  inches, 
and  each  tube  in  the  aycondlng  scale  having  a  breadth  ^  of  an  inch  less  than 
the  prc'<'e«lin<;: ;  tljc  normal  la  being  reckoned  at  850  simple  vibrations. 

17:*.  Calculate  the  dimensions  of  a  scries  of  cylindrical  organ  tubes  for  the 
pcale  comincncing  with  C  4,  the  longer  tube  having  a  diameter  of  1  inch,  and 
the  others  in  the  scries  dimini.'«Ling  regularly  in  diameter  by  j'^y  of  an  inch;  the 
organ  to  be  tuned  as  in  the  last  example. 

176.  What  are  the  names  of  the  next  three  higher  notes  in  the  scale  which 
the  tube  playing  ii  4  in  the  last  example  would  give  by  sufliciently  increasing 
the  »treiigth  nf  the  blast  ? 
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LIGHT,  HEAT,  AND  ELECTRICITY. 


CHAPTER  1. 

LIGUT,  OR  OPTICS. 

1 1.  General'Properties  of  Light. 

397.  Optics. — Light. — Optics  (from  the  Greek  verb  oTzzo/iat,  to  see) 
18  that  branch  of  physical  science  which  treats  of  the  nature  and  pro- 
perties of  light. 

Light  is  a  mysterious  agent,  acting  upon  the  organs  of  vision,  and 
imparting  to  us  a  knowledge  of  external  things.  It  brings  us  into 
relation  with  surrounding  objects,  enlarging  the  sphere  of  our  habita- 
tion, in  a  measure  annihilating  distance,  unfolding  to  us  the  beauties 
of  nature,  and  acting  as  a  perpetual  source  of  enjoyment. 

398.  Nature  of  light.— Theories. — In  regard  to  the  nature  of 
light,  a  great  diversity  of  opinion  has  prevailed  among  philosophers. 

(a)  Corpuscular  Uieory. — Sir  Isaac  Newton  maintained  that  the 
phenomena  of  light  are  produced  by  luminous  corpuscles  thrown  off 
from  burning  bodies,  each  particle  producing,  in  its  flight,  vibrations 
in  the  surrounding  ether  simihir  to  the  waves  produced  by  a  stone 
falling  into  the  water. 

{h)  Undnlatory  theory. — Iluyglicns  maintained,  in  opposition  to 
Newton,  that  light  consisted  solely  of  vibrations  in  an  ethereal  medium, 
vitliout  the  onward  progress  of  any  substance  whatever.    This  theory 
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has  been  inTCstigated  and  defended  hj  man  j  of  the  ablest  philosophers : 
by  Young,  Mains,  FresncI,  Brewster  and  others,  and  is  novr  generally 
received. 

The  undulations  producing  the  phenomena  of  sound  take  place  in 
the  same  direction  that  the  sound  itself  moves ;  but  the  vibrations  of 
light  are  supposed  to  move  at  right  angles  to  the  direction  in  which 
light  is  propagated.  It  is  difficult  to  explain  all  the  phenomena  of  light 
even  on  this  theory. 

(c)  An  oscillatory  theory  of  light  has  been  proposed  by  Mr.  Rankine, 
of  Glasgow.*  In  this  theory,  the  particles  of  luminifcrous  ether  are 
supposed  to  rotate  on  their  axes,  by  the  influence  of  a  species  of  mag- 
netic force,  which  is  wholly  destitute  of  effect  in  producing  resistance 
to  compression,  so  that  it  is  no  longer  necessary,  as  in  the  undulatory 
theory,  so  suppose  the  luminifcrous  medium  to  have  the  properties  of 
an  elastic  body.  The  same  mathematical  formulas  are  employed,  with 
this  hypothesis,  as  for  the  undulatory  theory.  Whether  this  theory  can 
be  applied  to  explain  all  the  phenomena  of  physical  optics,  remains  to 
be  proved. 

399.  Source3  of  light. — Phosphorescence. — The  sources  of  light 
are  the  sun  and  stars,  heat,  chemical  combinations,  phosphorescence, 
and  electricity. 

We  know  not  the  real  cause  of  the  light  emitted  by  the  sun  and 
stars,  but  we  know  that  bodies  become  luminous  at  a  high  temperature, 
and  shine  more  vividly  in  proportion  to  the  intensity  of  the  heat,  from 
which  we  are  accustomed  to  suppose  that  heat  and  light  are  only  modi- 
fications of  one  and  the  same  cause.  Artificial  lights  depend,  in  general, 
upon  combustion,  or  the  union  of  the  oxygen  of  the  air  with  burning 
bodies.  This  chemical  action  is  attended  with  the  disengagement  of 
considerable  heat  as  the  burning  body  becomes  luminous.  Other  chemi- 
cal combinations  are  attended  with  light,  and  it  is  doubtful  whether  any 
bodies  become  luminous  without  chemical  action  of  some  kind. 

The  term  phosphorescence  is  given  to  a  pale  light  emitted  in  the  dark 
by  certain  substances  which  do  not  appear  to  emit  any  sensible  heat. 
Phosphorescence  has  been  observed  in  animals,  vegetables,  and  even  in 
minerals.  During  the  heat  of  summer  the  glow-worm  and  fire-fly  emit 
a  brilliant  light. 

In  tropical  regions  phosphorescent  insects  are  very  numerous.  The 
waters  of  the  ocean,  especially  in  warm  latitudes,  are  often  covered 
with  little  animalcules  which  become  luminous  at  night  when  the  water 
is  agitated,  shining  in  the  wake  of  a  vessel  like  a  track  of  living  fire. 


»  Sco  transactions  of  the  British  Association  for  1853,  p.  9. 
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la  certain  circumstances  also  rotten  wood  and  decaying  flesh  become 
phoffphorescent  By  friction,  or  by  long  exposure  to  the  rays  of  the 
sun,  certain  minerals,  as  the  diamond,  white  marble,  and  fiuor  spar, 
acquire  the  property,  it  is  said,  of  shining,  for  a  brief  period,  in  the 
dark.  The  cause  of  phosphorescence  is  not  known,  but  in  some  cases 
it  appears  to  depend  upon  electricity. 

Electricity  is  a  source  of  light  so  intense  that  its  brightness  is  equal, 
in  some  cases,  to  one-fifth,  or  even  one-fourth  that  of  the  sun. 

400.  Relation  of  different  bodies  to  light. — All  bodies  are  either 
lominous,  transparent,  translucent,  or  opaque. 

(a)  Luminous  bodies  are  tho^e  in  which  light  originates,  as  the  sun, 
and  burning  bodies. 

{b)  Transparent  bodies  allow  light  to  pass  freely  through  them,  thus 
permitting  the  form  of  other  bodies  to  be  distinctly  seen  through 
them.  Such  are  water,  air,  and  polished  glass.  Such  substances  are 
also  said  to  he  diaphanous  (from  ^(a,  through,  and  ^aivwt  to  shine). 

(c)  Translucent  bodies  permit  only  a  portion  of  light  to  pass,  and  in 
so  irregular  or  imperfect  a  manner,  that  the  outline  of  other  bodies 
cannot  be  clearly  seen,  as  rough  glass  and  oiled  paper. 

[d)  Opaque  bodies  arc  those  which  do  not  ordinarily  allow  any  light 
to  pass  through  them,  as  wood  and  the  metals.  But  all  bodies,  even 
the  metals,  may  be  made  so  very  thin  as  to  become  partially  transparent 
or  translucent.  Opacity  is  not  absolute  in  metals,  as  is  proved  in  the 
case  of  gold-leaf  on  glass,  through  which  a  beautiful  violet-green  light 
is  seen.  This  light  is  found  by  optical  experiments  to  be  truly  trans- 
mitted light,  and  not  a  color  caused  by  the  minute  fissures  of  the  gold- 
leaf.  It  is  worthy  of  remark,  that  this  greenish  color  is  complementary 
to  the  red,  which  is  the  color  of  gold  when  seen  by  successive  reflections. 

401.  Rays,  pencils,  and  beeuns  of  light. — A  single  line  of  light 
is  called  a  ray.  Aj>encil  of  light  is  a  collection  of  rays  diverging  from 
a  common  source,  or  converging  to  a  point.  A  beam  of  light  is  a 
collection  of  parallel  rays.  Diverging  rays  are  tliosc  which  gradually 
separate  from  each  other.  Converging  rays  are  those  which  tend  to 
meet  in  a  common  point ;  hence  wo  have  the  terms  301 
diverging  pencils,  and  converging  pencils  of  light. 

402.  Visible  bodies  emit  light  from  every  ^ 
point  and  in  every  direction,  the  rays  diverging ' 
from  each  point  in  right  lines. 

Jjei  ABC,  fig.  301,  be  three  points  in  any  visible  object;  ^ 
from  each  of  these  points,  light  is  emitted  in  diverging 
pencil?,  u  partially  reprcBented  in  the  figure. 

In  thii  figure  certain  points  are  seen,  where  rays  from  ABC  cross  each  other, 
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and  bet^TCon  them  arc  vacant  spaces.  No  such  vacant  spaces  exist,  but  the 
rays  from  all  poiDt4  in  the  object  are  crossing  each  other  at  cvcrj  point  in  the 
space  where  the  object  is  visible. 

403.  Propagation  of  light  in  a  homogeneous  medium. — A  me- 
dium is  something  existing  in  space,  capable  of  producing  phenomena. 
A  medium  is  called  lumiuiferous^  which  is  capable  of  transmitting 
light;  and  it  is  said  to  be  homugcneous  when  the  composition  and  density 
of  all  its  parts  are  the  same.  All  space  is  supposed  to  be  pervaded  by 
a  luminifcrous  medium,  called  luminiferous  ether,  and  3'et  the  particles 
of  this  ether  may  act  upon  each  other  at  great  distances.  In  a  homo- 
geneous medium,  light  always  moves  in  straight  lines.  If  any  opaque 
body  is  placed  in  a  direct  line  between  the  eye  and  a  luminous  body, 
the  light  is  intercepted. 

When  light  enters  a  dark  chamber  by  a  very  small  opening,  the 
coarse  of  the  light  becomes  visible  by  illuminating  the  fine  particles  of 
dust  always  floating  in  the  air.  Rays  of  sun-light  are  thus  easily 
demonstrated  to  move  in  straight  lines. 

404.  Velocity  of  light. — Light  travels  with  such  amazing  velocity, 
that,  fur  any  distances  on  the  surface  of  the  earth,  the  time  occupied  in 
its  passage  from  one  point  to  another  is  totally  inappreciable  by 
our  unaided  senses. 

In  1676,  Roomer,  a  Danish  astronomer,  observed  that  the  eclipses  of  the  first 
satellite  of  Jupiter,  which  occur  at  uniform  intervals  of  time  when  the  earth  is 
moving  in  that  part  of  her  orbit  nearest  to,  or  most  remote  from  Jupiter,  are 
constantly  retarded  when  the  earth  is  moving  from  that  planet,  and  as  regularly 
accelerated  when  the  distance  between  the  earth  and  Jupiter  is  diminii<hing. 
lie  found  that  when  the  earth  was  in  that  part  of  her  orbit  mosit  distant  from 
Jupiter,  the  eclipses  of  the  first  satellite  take  place  16 m.  36  s.  later  than  when 
in  the  opposite  part  of  her  orbit. 

By  this  means  the  velocity  of  light  was  ascertained  to  bo  about  192,000  miles 
in  a  second.  302 

Foucault's  apparatus 
for  measuring  the  velo- 
city of  light.— Notwith- 
standing the  prodigious 
velocity  of  light,  M.  Fou- 
cault  has  succeeded  in 
measuring  it,  by  employing 
a  revolving  mirror,  accord- 
ing to  the  method  devised  by 
Whcatstono  for  measuring 
the  velocity  of  electricity.  In  describing  this  apparatus,  we  shall  sup- 
pose the  properties  of  mirrors  and  lenses  to  bo  already  understood. 

The  apparatus  of  M.  Foucaalt  is  represented  in  fig.  302.   The  shatter  of  a 
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dMik  chamber  it  pierced  with  a  square  opening,  K,  behind  which  a  fine  platinum 
win,  o,  is  stretched  vertically.  By  means  of  a  mirror,  a  beam  of  solar  light  is 
made  to  enter  the  uhamber,  and  being  divided  by  the  platinum  wire,  it  falls  upon 
an  achromatic  lens,  h,  of  long  focus,  placed  at  a  distance  from  the  platinum  wire  ' 
less  than  double  the  distance  of  its  principal  focus.  The  imago  of  tho  platinum 
wire  would  be  formed  in  tho  axis  of  the  lens,  somewhat  enlarged.  But  the 
beam  of  light,  after  passing  the  lens,  falls  upon  the  plane  mirror,  m,  which 
revolves  with  great  velocity,  and  being  reflected  by  it,  an  image  of  the  platinum 
wire  is  formed  in  space,  which  image  is  displaced  with  an  angular  velocity, 
double  the  velocity  of  the  mirror.*  This  imago  is  received  by  a  concave  mirror, 
M,  so  fixed  that  its  centre  of  curvature  coincides  with  the  axis  of  rotation  of 
the  revolving  mirror,  m.  The  pencil  reflected  by  tho  mirror,  M,  returns  back- 
ward and  is  again  reflected  by  the  mirror,  m,  and  passes  back  through  the  lens, 
L,  and  forms  an  image  of  the  platinum  wire,  coinciding  with  tho  wire  itself,  if 
the  mirror,  m,  revolvc-s  slowly.  In  order  to  view  this  imago  without  obscuring 
the  pencil  of  light  which  enters  the  chamber  by  tho  opening  K,  u  piece  of  plato 
glass,  V,  with  parallel  faces,  is  placed  between  the  lens  and  tho  platinum  wire, 
inclined  in  such  a  manner  that  the  rays  reflected  fall  upon  a  powerful  eye-glass, 
P.  If  the  mirror,  «,  remains  stationary,  or  if  it  revolves  slowly,  tho  returning 
ray,  M  w,  falls  upon  tho  mirror,  w,  in  the  same  position  it  occupied  at  tho  first 
reflection,  and  returniug  in  the  direction  it  came,  it  meets  at  a  tho  plato  glass, 
y,  and  is  partially  reflected,  nud  forms  in  <l,  at  a  distance  a  d,  equal  to  q  o,  an 
image  which  is  seen  by  the  eye  by  means  of  the  eye-piece,  P. 

The  rcvolvin;;  mirror,  m,  causes  this  image  to  be  repeated  at  each  revolution, 
and  if  the  velocity  of  rututiou  uniform,  the  image  does  not  change  its  poiiiliou. 
When  tho  velocity  docs  not  exceed  thirty  revolutions  per  second,  the  successivo 
appearances  of  tho  ima;|:e  arc  di!<tinct,  hut  when  the  velocity  is  greater,  tho 
impressions  upon  the  eye  are  continuous,  and  the  image  appears  cou»>tant. 

When  the  mirror,  iw,  revolves  with  great  nii>idily,  jtH  position  is  sensibly 
changed  during  the  interval  occupied  by  the  light  in  jiiissing  from  in  to  M,  and 
back  again  from  M  to  m,  and  the  returning  ray,  after  ri'floction  by  the  mirror,  m, 
takes  the  direction  m  b,  iind  forms  an  image  in  i*;  thus  the  image  has  deviated 
from  '/  to  ».  .Strictly  speaking,  there  is  some  deviation  even  when  the  mirror 
turno  flowly,  but  it  is  a])preciable  only  when  it  has  acquired  a  certain  magnitude, 
by  making  the  rotation  of  the  mirror  sufTu  icntly  rapid,  or  by  taking  tho  distance, 
M  w,  ."iufhcicntly  great.  By  meana  of  the  deviation  in  tho  position  of  the  imago 
and  the  velocity  of  rotation,  the  time  rc«iuircd  for  the  light  to  pass  from  m  to  M, 
anil  back  again,  becomes  known,  making  I  -—  M  h»,  /'  =  L  m,  r  »=  0  L,  »  =  the 
number  of  revolutions  per  ecc()n<l,  I>  -=  tho  absolute  deviation  d  i,  and  V  «= 
the  velocity  of  light  per  second.  M.  Toucault  obtained  the  follo^^ing  formula 
for  the  velocity  of  light, 

^  ~^  J  J  {Tfn 


*  To  demonstrate  this,  let  »i  m,  fig.  303,  be  the  revolving  mirror,  0,  an  object 
placed  before  it,  and  forming  its  image  at  0' ;  when  the  mirror  arrives  at  tho 
poifition  m'  ti',  the  image  will  bo  formed  at  0".  But  the  angles,  0'  0  0",  and 
fii  c  n<' are  equal,  iKienuse  their  sides  are  perpendicular  to  each  other.  But  tlie 
inscribed  angle  0'  0  0"  is  measured  by  half  the  arc  0'  0",  and  the  angle  mrm', 
is  meaiiurcd  by  the  entire  arc  m  m' ;  hence  the  arc  0'  0",  is  double  m  ui',  which 
thus  demonstrates  that  the  angular  velocity  of  tho  imago  is  double  the  angular 
Vflocity  of  the  mirror. 
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In  the  exporituents  of  M.  Foaeault,  m  was  only  about  fonr  yards,  bat  by 
gii'iug  tho  mirror,  m,  a  velocity  of  600  or  800  rerolutions  p«r  second  be  obtained 
a  deviation  of  from  eight  ono-hundredths  to  twelve  one-hundredtbs  of  an  inch. 
Owing  to  the  vibrutiun  of  the  apparatus  revolving  with  »uch  great  rapidity,  the 
resultd  yet  obtained  by  this  method  for  the  absolute  vclucity  of  light  are  not 
considurcd  as  entirely  correct,  although  of  the  highest  interest. 

Experiments  have  been  made  with  the  same  apparatus  to  determine  tho  velo- 
city of  light  in  liquids  as  compared  with  the  velocity  in  air.  For  this  porpose 
a  tube,  A  B,  three  yards  long,  is  Hlled  with  distilled  water,  or  any  other  liquid, 
and  placed  between  the  revolving  mirror,  m,  and  the  concave  mirror,  M',  similar 
to  M.  Tho  rays  of  light  reflected  by  tho  revolving  mirror  in  the  direction 
«i  M',  pass  twice  through  the  column  of  fluid  in  the  tube,  A  B,  before  returning 
to  the  mirror,  V.  The  returning  ray  is  reflected  at  «r,  and  forms  an  image  at  A. 
The  deviations  of  tho  rays  which  traverse  the  liquid  are  greater  than  the  devia- 
tion of  tho  rays  which  are  propagated  in  air  alone,  which  shows  that  the  velo- 
city of  light  in  fluids  is  less  than  in  air. 

Fiaeau's  method. — Another  method  of  direct  determination  of  the  velo- 
city of  light  has  been  devised  by  M.  Fizeau,  of  Paris,  in  1S4U.  An  exposition 
of  this  method,  by  Prof.  A.  Caswell,  will  bo  found  in  tho  Smithsonian  Report 
for  1858,  p.  130. 

ReBolta. — From  tliese  and  uther  nictbodR  the  velocity  uf  light  has 
been  determined  to  be  in  air  192,000  miles  per  second ;  in  water 
144,000  miles;  in  glass  128,000  miles;  and  in  diamond  77,000  miles. 

405.  No  theory  of  light  U  entirely  satisfactory. — In  the  cor- 
puscular theory  of  light,  advocated  by  Newton,  it  was  supposed  that 
fluids  and  solids  attracted  the  light,  and  refraction  was  explained  by 
supposing  that  light  moves  faster  in  dense  bodies  than  in  air,  as  is 
known  to  be  the  case  in  regard  to  sound.  According  to  the  undulatory 
theory',  it  is  known  that  transverse  waves  or  undulations  must  move 
slower  in  dense  bodies  than  in  rarer  media. 

The  discovery  of  Foueault,  as  just  explained,  that  light  actually 
moves  slower  in  denser  media,  tends  to  confirm  the  undulatory  theory. 

The  immense  power  of  resisting  compression  which  a  medium  ought 
to  possess,  in  order  to  transmit  transverse  vibrations  with  a  velocity  so 
much  greater  than  the  motions  of  the  swiftest  planets  or  comets,  is  an 
objection  against  the  undulatory  theory  that  has  not  yet  been  satisfac- 
torily answered. 

The  disonssion  of  the  theories  of  light  belongs  to  tho  higher  departments  of 
mzitlu'm;ilii'S. 

40G.  Properties  of  light. — {a)  Abnorplion. — Light  falling  upon  any 
substance  is  either  absorbed,  dispersed,  reflected,  or  refracted.  A  part 
of  the  light  disappears  and  is  said  to  be  absorbed;  as  when  light  falls  upon 
black  substances.  No  substances  absorb  all  the  light,  for  tho  fact  that 
the  blackest  substance  is  still  visible,  shows  that  its  different  parts  emit 
some  of  the  light  which  they  receive. 
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(b)  Dispersion.-^IAght  falling  upon  opaquo  bodies,  causes  them  to 
bucume  luminous,  or  to  emit  light  in  all  directions,  and  thus  become 
risible.  Such  bodies  are  said  to  disperse  light,  because  they  scatter  the 
light  in  all  directions  from  which  they  are  visible. 

Bodies  owe  the  property  of  dispersing  light  to  the  innumerable  little 
facets  of  the  particles  composing  their  rough  surfaces.  Only  part  of 
the  light  is  thus  irregularly  reflected  or  dispersed,  while  much  of  it  is 
prolMtbly  absorbed  or  destroyed. 

(c)  Itrfieclion. — When  light  falls  upon  polished  surfaces,  or  on  bodies 
baring  naturally  smooth  and  uniform  surfaces,  it  is  thrown  off  in  a 
regular  manner,  as  a  ball  rebounds  from  a  hard  floor. 

ir  a  raj  of  light,  S  A,  fig.  304,  falls  upon  a  polished  surface,  B  C,  it  will  be 
reflected  in  the  direction  A  R.  If  N  A  is  drawn  perpendicular  to  B  C,  S  A  N 
will  be  the  angle  of  incidence,  and  N  A  R  will  be 
the  angle  of  reflection,  and  tbe  two  angles  will  be 
eqaaL  Tbe  lines  S  A,  N  A,  and  A  R,  will  lie  in 
the  same  plane;  we  hare  therefore  tbe  following 
rules : — 

1st.  The  tHciJent  ray,  the  perpendicular  at  the 
point  of  incidence,  and  the  rejiectcd  ray,  are  all  nituated  in  the  tame  plane. 
2d.  The  aujlc  of  incidence  and  the  aiiyle  i>/  rfjltclion  are  equal. 

{d)  Refrcu:tion. — If  a  straight  rod  is  placed  obliquely,  partly  im- 
mersed in  water,  it  appears  broken  or  bent  just  where  it  enters  the 
water.  If  a  coin,  a,  fig.  305,  is  placed  in  a 
cup,  in  such  a  position  that  it  is  just  hidden 
from  view,  and  water  is  then  gently  poured 
into  the  cup,  the  coin  will  appear  to  be  lifted 
up  and  will  become  visiljle. 

Let  e  d  be  tbe  surface  of  the  water,  tbe  ray,  a  1, 
is  so  bent  or  refracted,  at  the  surface  of  tbe  water, 
that  tbe  coin  appears  as  if  placed  at  a'. 

This  bending  of  tbe  rays  at  tbe  surface  of  any  transparent  medium  is  called 
refraction.  * 

Let  C  B,  fig.  306,  be  tbe  surface  of  water  in  a  vessel, 
S  A  a  ray  of  lipjbt  incident  at  A,  and  N  A  X'  tbe  per- 
pendicular, A  II  tbo  reflected  ray,  and  A  T  tbe  direc- 
tion of  tbe  ray  wbich  enters  tbo  water  and  is  rc- 
fra'jtcd ;  then  :— 

Tbe  an^le  S  A  N  is  called  the  anijle  of  incidtnee  of 
tbe  ray  S  A.  The  angle  X  A  R  is  called  tbe  amjU.  of 
rrfltctiun,  wbicb  id  in  all  ca«e.-<  equal  to  tbe  on{:le  vf 
inoiclome.  Tbe  line  X'  A  X',  is  called  tbo  normal, 
Tbo  angle  T  A  X'  is  called  tbe  atujle  of  refraction. 

If  we  take  A  a,  fig.  307,  equal  to  A  //,  and  draw 
f  wi  and  b  H,  each  perpendicular  to  X  A  X',  then  a  m  is  tbe  aine  of  the  angle  of 
incidence,  and  6  n  is  tbo  'ine  of  tho  nnglo  of  refraction,  and  a  m  divided  by  n 
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is  invariably  the  same  for  any  given  medium,  whether  the  ^ngle  of  incidenee  is 
increased  or  diiniai^ihed.  The  quotient  obtained  by 
dividing  a  ni  by  b  u,  is  called  the  index  '/  re/ractitm, 
and  it  is  represented  by  n.  The  index  of  refraction 
varies  for  difTcrent  media;  thus  for  light  passing  from 
air  into  water,  it  is  about  ^,  for  light  passing  from  air 
into  glass,  about  |,  and  about  ^  when  light  passes  from 
air  into  diamond.  These  fractions  in\'ertcd  give  the 
index  of  refraction  for  light  passing  out  of  water,  glass, 
and  diamond,  into  air. 

"When  light  passes  from  a  rare  to  a  tlcnser 
medium,  it  is  refracted  towards  the  perpendicular 
or  normal,  and  when  it  passes  from  a  dense  to  a  rarer  medium,  it  is 
refracted  from  the  perpendicular  or  normal. 

The  general  law  of  the  refraction  of  light  is  thus  stated.  The  inci- 
dent ray,  the  refracted  ray,  and  the  perpendicnlar  to  the  refracting  surface 
at  the  point  of  incidence,  lie  in  the  same  plane  ;  and  the  sine  of  the  angle 
of  incidence  bears  a  constant  ratio,  in  tlic  same  medium^  to  tlie  sine  of  the 
angle  of  refraction  ; 

am 

or,    -—  =  n. 

On 

When  a  ray  of  ordinary  daylight  or  sunlight  is  refrartod  by  a  dense  trans- 


sinj^lc  line,  but  it  is 
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parent  medium,  the  refracted  light  is  not  confined  to 
spread  out  into  a  fan-like  form,  as  shown  in  ftg.  308, 
between  A  r  and  A  r,  and  the  different  ports  of  the 
refracted  pencil  show  different  colors,  the  most 
strongly  refracted  part  being  violet,  and  the  least 
refracted  part  being  red.  The  index  of  refraction,  r«>r 
a  single  colt)r,  is  uniform  for  any  given  medium ;  but 
the  index  of  refraction  in  the  same  medium  varies  fur 
differently  colored  light. 

407.  Amount  of  light  reflected  at  differ- 
ent angles  of  incidence. — When  light  falls 
upon  a  transparent  medium  perpendicu^r  to  its  surface,  nearly  all  the 
light  enters  the  medium,  and  only  a  small  portion  is  reflected.  As  the 
light  falls  more  and  more  obliquely  upon  the  medium,  the  amount  of 
light  refracted  diminishes,  and  the  amount  reflected  increases. 

If  wc  look  at  the  imago  of  the  sun  in  water  nt  midday,  and  again  near  sunset, 
wo  shall  sec  a  remarkable  difference.  Near  sunset  the  image  is  so  brilliant,  the 
eyes  can  scarcely  bear  to  look  at  it.  while  ot  midday  we  observe  it  without  diffi- 
culty. The  inia^o  of  objects  at  a  little  distance  are  seen  in  water  more  distinctly 
than  the  iiuagcs  of  near  objects,  because  the  light  from  distant  objects  falls  more 
obliquely  upon  the  water  and  a  greater  amount  is  reflected. 

If  wo  look  very  obliquely  at  a  sheet  of  white  paper,  placed  before  a  candle,  an 
image  of  the  flame  may  be  seen  reflected  from  the  surface  of  the  paper,  but  the 
imago  disappears  when  the  rays  fall  upon  the  paper  nearer  to  the  poipendicular. 
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When  light  falls  upon  any  polished  metallic  surface,  the  greatest 
amount  of  reflectfon  takes  place  when  the  incident  rays  are  perpen- 
dicular to  the  surface,  and  the  amount  of  light  reflected  diminishes  as 
the  angle  of  incidence  increases. 

Differeot  sabstancef,  polished  with  eqnal  care,  differ  in  their  power  of  reflect 
ing  light.  The  amount  of  light  reflected  depends  also  upon  the  nature  of  the 
aiediam  in  which  the  reflecting  body  is  placed.  Bodies  immersed  in  water 
reflect  less  light  than  in  air. 

Table  tikoieing  the  number  of  ray»  of  Ihjht  reflected  out  of  100  ra^«  iuctdent,  by 
different  kinda  of  (/late  and  metaU  need  for  optical  pHrpotet.* 


Cr«w«  gUM, 

N  »  1  S34. 
S»e«tfl«kMt, 

PUte  glAM, 
8p  gr»Tlt7, 

X  ill. 
II  =  I  MT. 
SpcciBc  best. 
0  3i. 

riint  glau. 
Bp.  fravity, 

3  t.i. 
l-.>70. 
Spcciflc  beat, 
0-43. 

Olan  of 

8p«culniii 
■leiat, 

hS. 

Spedfle  heat, 
0-«7. 

PoH<ihe4  Heel, 
8p.  gnvitjr, 
7  l«. 

SpMlBe  kMt, 

om. 

QO 

3-452 

3380 

3  615 

8-20 

72  30 

IQO 

3*608 

3-546 

3-819 

8-36 

70  85 

60-52 

»»<» 

3-837 

3790 

4117 

8-60 

69-43 

30» 

4189 

4-164 

4-574 

898 

6sn 

58-69 

4-767 

4-778 

5320 

9  59 

66-91 

iQO 

6  810 

5-882 

6  656 

10-68 

6587 

54-9« 

60O 

7-961 

8  155 

9-369 

12-93 

65  03 

70» 

13  448 

l.l-SOl 

1 60 15 

18  52 

61  41 

8U*> 

32  396 

33  155 

36-422 

36  65 

6J04 

hi* 

50-202 

50-204 

57-559 

57  07 

73776 

74  261 

72(l7t 

72-20 

63  91 

53-60 

•U)S.  Internal  reflection. — When  light  passes  throu};li  a  transparent 
medium,  a  portion  of  the  light  is  reflected  at  each  surface. 

In  6g.  309,  S  A  is  a  rny  of  light  incident  upon  the  first  surface  of  a  trans- 
parent medium.    A  portion  is  reflected  in  A  R.    A  T  is  the  refracted  raj,  and 
T  V  the  emergent  ray,  but  a  portion  of  the  light  is  re-  3Q9 
fleeted  at  the  second  surfaco  in  the  direction  T  A',  of 
which  a  part  emerges  in  the  direction  A'  R',  a  part 
snflers  a  second  reflection  downward  from  A',  a  part 
emerges  from  the  second  surface,  and  another  portion 
suffers  9ucce5.<<irc  internal  reflections  before  it  is  either 
lojit  by  absorption  or  finally  emerges  on  one  or  the  other 
side  of  the  medium.    In  grncrul  only  the  rays  A  R,  ^ 
T  V,  and  A'  R',  have  sufficient  inteuhity  to  be  visible  to  the  naked  eye. 

409.  Total  reflection. — When  light  passes  from  a  dense  to  a  rarer 
meilium,  the  angle  of  refraction  is  greater  than  the  angle  of  incidence, 
and  when  the  angle  of  refraction  is  90°,  the  angle  of  incidence  is  much 
less.    For  water  it  is  48°  33^  for  ordinary  gloss  it  is  41°  49',  conse- 
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qucntly  a  rny  of  light  traversing  water  or  glass  at  greater  angles  cannot 
escape  into  the  air,  but  is  totally  reflected,  obeying  the  ordinary  hiw  of 
rcfloction.  The  proportion  of  light  suffering  internal  reflection  from  a 
surface  of  glass  or  water,  constantly  increases  from  the  perpendicular 
to  the  point  where  total  reflection  takes  place. 

Since  tbo  angle  of  ineidonco  for  a  dense  mediam  is  always  greater  than  tbe 
an;rio  of  refraction,  when  the  axxf^lo  of  incidence  ia  90°  the  angle  of  refraction 
uiiift  bo  considerably  less  than  0U°.    If  the  angle  of  incidence  is  90°,  its  sine 
will  be  unity.    The  uinc  of  the  angle  of  refraction  will  be  unity  divided  by  tbe 
1 

iuiox  of  refraction,  =  — ,  hence  the  angle  of  total  internal  reflection  for  any 

M 

1 

medium  is  the  angle  whose  sine  =  -. 

fi 

Fig.  310  shows  light  radiating  from  a  point  below 
tbe  surface  of  water  and  escaping  into  the  air,  the 
angle  of  emergence  increasing  much  faster  than  tho  .  ""  ■ .  ''\\'^ 
angle  of  incidence,  until  the  light  emerges  parallel  to 
the  surface  of  the  water,  after  which  total  reflection  I 
l:ikcs  place.  I 

To  an  eye  placed  below  the  surface  of  the  water,  all ' 
o'ltjccls  above  tbe  horizon  would  bo  seen  within  an  angle  of  97°  10',  or  double 
tlifc  angle  of  total  reflection  for  water. 

410.  Irregular  reflection.— Diffused  light. — The  reflection  from 
p..lishcd  surfaces,  which  follows  the  two  laws  already  announced, 
is  culled  regular  reflection;  but  only  a  part  of  the  light  is  reflected 
io;;iilarly  from  any  surface,  when  the  reflcfting  body  is  more  dense 
th:i:i  the  surrounding  medium.  A  part  of  the  light  is  scattered  in 
nil  directions,  and  is  said  to  be  irregularly  rr fleeted  or  diffused.  This 
is  the  portion  of  light  which  renders  objects  visible.  Light  regu- 
larly reflected  gives  an  imago  of  the  object  which  emits  the  light, 
wliile  light  irregularly  reflected  gives  only  an  image  of  the  body 
which  reflects  it.  AVhcn  a  mirror  becomes  dim  by  the  accumulation  of 
liglit  dust,  or  anything  which  tarnishes  its  surface,  the  amount  of 
ro;;ular  rcflectir)n  diminishes,  and  the  irregular  reflection  increasing, 
uU  parts  of  the  mirror  become  distinctly  visible. 

-411.  Umbra  and  penumbra. — AVhen  an  opaque  object  is  held  in  a 
peruil  of  li;;ht  proceeding  from  a  luminous  311 
point,  as  s,       oil,  a  dark  and  well-defined 
shallow  is  produced,  which  increases  in  size 
as  it  becomes  more  distant.     The  dark 

bhad(nv  is  callotl  an  umbra.  If  the  light  proceeds  from  a  luminous 
body  having  a  sensible  magnitude,  as  A,  fig.  312,  besides  the  dark 
shadow,  or  umhra,  where  no  part  of  the  luminous  l>ody  is  visible, 
ihcie  will  be  a  nmcli  broader  partial  slnulow,  called  the  penuni' 
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bra,  where  a  part  only  of  the  luminous  body  is  Tisible.   The  breadth 
of  the  penumbra  increases  with  the  diameter  of  the  light,  and  with  the 
813  313 


distance  which  the  shadow  extends  behind  the  opaqae  object  The 
darkness  of  the  penumbra  gradually  increases  from  the  extreme  border, 
which  is  too  faint  to  be  easily  seen,  to  the  umbra  or  full  shadow,  as  is 
shown  in  a  section  of  the  shadow,  at  fig.  313. 

412.  Images  prodaced  by  light  transmitted  through  small 
apertures. — If  a  white  screen  is  placed  near  a  small  opening  in  a  dark 
chamber,  the  rays  of  light  which  pass  314 

through  the  opening  will  form  on  the  screen 
inverted  images  of  external  objects. 

It  will  be  seen  in  fig.  314,  that  the  rays 
of  light  from  the  top  ami  the  bottom  of  the 
object  cro?s  each  other  in  the  small  opening,  and  tlius  invert  the  image. 
If  the  aperture  is  small,  the  image  will  be  formed  in  the  same  manner, 
whatever  be  the  form  of  the  aperture.  But  if  the  opening  is  large,  the 
image  is  indistinct,  or  entirely  disappears. 

413.  Intensity  of  light  at  different  distances.— The  intensity 
of  light  at  any  distance  from  a  luminous  body,  is  in 
an  inverse  proportion  to  the  square  of  the  distance. 

I^t  0,  tg.  315,  be  a  luminous  point;  at  1  1,  place  a 
board  one  foot  square  ;  it  will  cast  a  shadow  that  vill  cover 
a  space  two  feet  .«((uare  at  double  the  distance,  three  feet 
square  at  three  times  the  d^^tnnce,  and  four  feet  square  at 
four  times  the  di.-tanrc.  The  areas  will  tlierefore  be,  1, 1, 
9,  IC,  and  the  intensity  of  the  light  at  the  distances  1,  2, 
3,  4,  will  therefore  be  in  the  proportions  of  1,  {,  ^,  ^'j. 

If  /  and  r  represent  the  intensify  of  a  li^ht  at  the 
distances  D  and  If',  we  shall  have 


r 

/:/»=- 


I  I 

-  or  — 
D'^  I' 


jr- 


neneo  the  intensity  of  a  light  at  different  distances  will  be  inversely  i 
iqaarca  of  those  distance?. 

414.  Photometers  are  in.*!truments  eni]»loyed  to  mca.^ure  the  com- 
parative intensity  of  difierent  lights.    The  principle  (m  which  they  ore 
constructed  is,  to  so  place  the  liglits  that  they  will  illuminate  a  single 
surface,  or  two  adjacent  surfaces,  with  equal  iutensiity.    The  relative 
'Ik* 
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iiiicnsitics  of  the  two  lights  are  tlien  as  the  square  of  their  distances 
friHn  the  illuminated  surfuces. 

Bunsen*B  Photometer  is  tho  simplest  and  most  conTonicnt  photometer 
yet  invented.  A  disk  of  paper  four  or  five  inches  in  diameter,  is  rendered  trans- 
iiu'cnt  by  washing  it  with  parafiine  or  stcarine,  dissolved  in  oil  of  turpentine  or 
niiphtbo,  except  a  spot  about  an  inch  in  diameter  at  tho  centre.  When  this  disk 
is  liL'ld  between  two  ligbtp,  at  a  point  where  their  intensity  is  unequal,  tho  trana- 
liiront  part  of  the  paper  is  easily  diHtinguisbcd  from  the  central  part,  but  when 
m  iviid  to  a  point  where  tho  two  lights  havo  equal  intensity,  all  parts  of  tho 
p.t])or  have  a  uniform  appearance.  No  light  appears  to  shine  through,  becauso 
tho  illumination  is  equal  on  both  sides.  liy  means  of  a  graduated  bar,  on  which 
t!ic  lights  and  diidc  are  mounted,  tho  distance  of  each  light  from  tho  paper  is 
dot<.-rmincd,  and  their  respective  intensities  are  calculated  on  tho  principles 
above  mentioned 

This  principle  may  be  applied  in  many  ways  to  determine  the  intensities  of 
lights;  as,  for  inet^incc,  the  portion  which  is  transmitted  or  reflected  from  dif- 
ferent substances. 

Rumford's  Photometer. —  Runiford's  pliotomcter  \»  composed  of 
iwu  plates  of  f^round  glas.*',  before  which  are  fixed  two  opaque  rods,  A 
and  B,  separated  by  a  screen,  tig.  316.  The  li;:;ht8  to  be  ccmipared,  as 
a  lamp  and  a  candle,  7n  n,  are  so  placed  opposite  the  rods  that  each 
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I'liilo  is  illuniinate<l  1)\'  only  one  of  the  ligliti>,  and  a  shadow  uf  the  cor- 
ropnndin;:;  rod  falls  upon  each  plate,  as  shown  in  the  figure.  If  the 
two  slia(h)W.<!,  a  and  h,  are  of  unequal  intensity,  by  moving  one  of  tho 
li^lifs  backward  or  forward  a  position  is  obtained  where  tho  .shadows 
iil>p('!ir  0(pially  dark,  and  tlio  ;;lass  plates  are  thus  known  to  be  eriually 
illiMninutod.  Tiic  rtlativo  intensities  of  the  li«;lits  are  determined  as  in 
llir  [)m'cdiny  cn.se. 

Silliman's  Photometer. — Silliinan';*  photometer  is  tho  reverse  of 
lUiinford's,  comparing  two  di.-cs  of  light  thrown  up  by  two  equal  trian* 
gular  glass  jtrii^ui.*!,  upon  a  disc  <»f  roughened  glas.M  in  the  body  of  u  dark 
'ij.iiuber  moving  on  a  graduated  b;ir.  (Am.  Jour.  Sci.  |*Jl  XXII.  ul5.) 
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{  2.  Catoptrios,  or  Reflection  by  Regular  Surfaces. 

I.   MIRRORS  AND  SPECULA. 

415.  Mirrors  are  solid  bodies  Ijounded  by  regular  surfaces,  highly 
polished,  and  capable  of  reflecting  a  considerable  portion  of  the  light 
wliich  falls  upon  them. 

The  term  mirror  is  generally  applied  to  reflectors  made  of  gloss  and 
coated  with  an  amalgam  of  tin  and  quicksilver. 

41C.  Specula  are  metallic  reflectors,  having  a  highly  polished 
surface.  The  best  speculum  metal  consists  of  32  parts  of  copper,  and  15 
parts  of  the  purest  tin.  Specula  are  also  made  both  of  silver  and  of  steel. 

In  tbo  nee  of  glass  mirrors,  a  portion  of  light  reflected  from  the  first  sarfaco, 
uitcrferes  witli  the  perfection  of  the  image ;  hence,  where  the  most  perfect  instru- 
ments are  required,  metallic  reflectors  are  employed.  In  treating  of  reflectors, 
w«  shall  notice  only  the  action  of  the  principal  reflecting  surface,  and  use  tho 
term  mirror  to  comprehend  all  regular  reflectors. 

417.  Forma  of  mirrors. — Mirrors  arc  cither  plane  or  curved.  Curved 
mirrors  may  be  spherical,  elliptical,  or  paraboloid.  The  properties  of 
elliptical  and  paraboloid  reflectors  have  been  mentioned  in  sections  324 
and  325.  A  concace  spherical  mirror  is  a  portion  of  the  surface  of  a 
sphere,  reflecting  from  the  internal  side.  A  convex  spherical  mirror  is 
a  portion  of  the  surface  of  a  sphere,  reflecting  from  the  outside.  Curved 
mirrors,  whether  concave  or  convex,  may  be  regarded  jis  made  up  of  an 
inCnite  numl>er  of  plane  mirrors,  each  per- 
pendicular to  a  radius  drawn  through  it  from 
tlie  centre  of  the  mirror. 

Fi;r.  317  shows  a  plane  mirror,  M  A  X,  a  concave 
mirrur,  m  A  h,  and  a  convex  mirror,  w'  A  «',  having 
a  common  point.  A,  und  the  liiii',  P  A  C,  perpen- 
dicular to  each  ut  tho  point  A.  If  a  rny  of  li>:ht, 
I  A,  \*  incident  ui)ou  cither  mirror  at  tho  point  A, 
the  rvflvcted  ruy.  A  K,  will  make  the  same  an^lc 
with  the  perpendicular  vls  id  made  hy  the  iueideut 
rar.  At  any  other  point:^,  a.s  /  or  t',  tho  curved  uiirrurs  will  act  like  little  plane 
mirrors,  |»crpcndicular  to  the  radii  I' t  and  Ct'. 

II.    REFLECTION  AT  PLANE  SURFACES. 

418.  Reflection  by  plane  mirrors.— /'i/raZW  rays  of  light,  falling 
u|>on  a  plane  mirror,  will  be  parallel  after  reflection. 

If  parallel  rays  of  li^ht,  A  D,  A'  I)',  fig.  .318,  fall  upon  the  plane  mirror,  M  N, 
liity  will  each  make  etpial  augle.s  with  the  perpendieu-  318 
lar.*,  E  1>,  E' !>',  and  as  the  an>:lei  of  int  idcnce  and 
f.-flertion  will  he  cijiial.  the  reflected  rays,  I)  IJ,  D'  IJ', 
will  make  e<|ual  an;;le4  with  the  perpendieulary,  aud 
will  con!<ei|uentIy  he  itarallel  nfl»r  refleetion. 

!f  A  1>  rtpresciit  the  lijipcr  side  ^>t  the  beam  of  light  before  rbflectiou,  i:  \\\.\ 
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becomo,  after  reflection  in  D  B,  th«  lower  side  of  the  beam.  Hence  »  beam  of 
parallel  light. is  inverted  in  one  direction  by  reflection  from  a  plane  mirror. 

Diverging  rags  of  light,  falling  upon  a  plane  mirror,  will  continue  to 
diverge  after  reflection,  and  will  appear  to  emanate  from  a  point  as 
much  behind  the  mirror  as  the  luminous  point  is  319 
before  it.  irf^  p*' 

Let  A  be  a  radiant  point  in  front  of  the  plane  mirror  \    ^b^X  / 

M  N,  Og.  319.  If  the  perpendiculars,  E  D,  E'  D',  E"  D",  Tj  N-  j- 

bo  drawn,  the  reflected  rays  will  make  the  same  angles  J"---.*-s*\ 
with  the  perpendiculars  as  the  incident  rays,  and  hence 
the  reflected  rays  will  make  the  same  angles  with  each 

other  as  they  did  before  reflection,  but  they  will  appear  to  diverge  from  the 
point  A',  behind  the  mirror. 

Converging  rays  continue  to  converge  after  reflection  from  a  plane 
mirror.  After  reflection  they  will  converge  towards  a  point  as  much  in 
front  of  the  mirror  as  the  distance  of  the  point  behind  the  mirror, 
towards  which  they  converged  before  reflection. 

This  is  easily  seen  by  tracing  the  rnys  of  light  backward  in  the  preceding 
figure. 

Reflection  from  a  plane  mirror  changes  the  direction  of  the  rays  of 
liglit,  and  removes  the  point  of  apparent  convergence  or  divergence  to 
the  opposite  side  of  the  mirror. 

419.  Images  formed  by  plane  mirrors. — Let  M  N  be  an  object 
placed  in  front  of  the  plane  mirror,  A  B,  fig.  320,  and  E  the  place  of 
the  eye.    From  the  great  number  of  rnys  emitted  in  320 
every  direction  from  M  N,  and  reflected  from  the 
mirror,  a  few  only  can  enter  the  eye  at  E.  These 
will  be  reflected  from  those  portions,  D  F,  G  II,  of 
the  mirror,  so  situated  with  respect  to  the  eye  and 
the  points,  M  N,  that  the  angles  of  incidence  and 
reflection  will  be  equal.    If  the  rays,  D  E,  F  E,  are 
continued  backward,  they  will  meet  at  m,  and  they  j/ 
will  appear  to  the  eye  to  radiate  from  that  point.  In  ' 
the  same  manner  the  rays  G  E,  II  E,  will  appear  to  radiate  from  n ;  a 
virtual  image  of  the  object  will  therefore  be  formed  between  m  and  n. 

This  is  called  a  virtual  image,  because  it  is  not  formed  of  rays  of  light 
actually  coming  from  the  position  of  the  image,  but  by  rays  so  changed 
in  their  direction,  that  they  appear  to  the  eye  as  though  originating 
from  an  object  situated  at  m  n,  behind  the  mirror. 

If  the  eye  is  moved  about,  the  image  remains  stationary,  hence  it  is 
seen  by  means  of  rays  reflected  from  other  parts  of  the  mirror.  Two 
or  more  persons  may  see  the  image  at  the  same  time  and  in  the  same 
position,  but  by  different  rays  of  light. 
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The  position  of  the  image  behind  the  mirror  may  be  found  by  draw- 
ing lines  from  prominent  points  in  the  object,  perpendicular  to  the 
mirror,  extending  them  as  far  behind  the  mirror  as  the  points  from 
\rhich  they  are  drawn  are  situated  before  it,  then  uniting  the  extremi- 
ties of  the  lines,  the  outlines  of  the  image  will  be  delineated.  The 
images  of  all  ubjects  seen  in  a  plane  mirror  hare  the  same  form  and 
distance  from  the  mirror  as  the  objects  themselves. 

420.  Images  multiplied  by  two  suTfaces  of  a  glass  mirror. — 
Glass  mirrors  produce  several  images.  This  may  be  readily  demon- 
strated by  looking  very  obliquely  at  the  image  of  a  candle  in  a  glass 
mirror.  The  first  image,  caused  by  partial  reflection  from  the  first  sur- 
face of  the  glass,  is  comparatively  faint.  The  second 
image  is  formed  by  reflection  from  the  quicksilver, 
which  covers  the  second  surface,  and  is  very  clear  and 
distinct. 

When  njB  of  light  from  any  object  fall  upon  the  first 
sarface  of  a  plate  of  glajis,  M  N,  fig.  321,  a  portion  of  tbo 
light  being  reflected,  forms  the  first  image,  a.  The  principal 
part  of  the  light  penetrates  the  glass,  and  is  reflected  at  r,  by 
the  silverini;  which  covers  the  back  of  the  mirror,  and  coming  to  the  eye  in  the 
direction  </  II,  produces  the  image,  n',  at  a  distance  from  the  first  imago  equal 
to  about  once  and  a  third  tbo  thickness  of  tbo  glass.  This  imago  is  much 
brighter  than  the  first,  because  the  metallic  coating  of  the  mirror  reflects  a 
greater  amount  of  light  than  the  first  surface  of  the  glass. 

Other  images,  more  and  more  obscure,  are  formed  by  rays  which 
emerge  from  the  glass  after  successive  interior  reflections  from  the  two 
surfaces  of  the  glass.  As  this  multiplicity  of  images  dinunishes  the 
distinctness  of  vision,  metallic  reflectors  arc  often  employed  in  optical 
instruments.  322 

421.  Images  formed  by  light  reflected 
by  two  plane  mirrors. — Let  A  B,  fig.  322, 
be  an  object,  and  C  D,  E  F,  two  plane  mir- 
rors, making  an  angle  with  each  other  less 
than  180^.  The  liglit  falling  upon  the 
mirror  C  D  will  form  an  image  at  ab,  the 
position  of  which  may  be  determined  by 
the  methr»d  explained  at  section  419.  A 
portion  of  tliis  light,  after  reflection,  will 
fall  upon  the  mirror  E  F,  and  l>e  reflcotcd 
as  if  c-uniing  from  an  image  a'      which  will  be  seen  by  the  eye  at  e. 

To  trace  the  course  of  the  rays  which  enter  the  eye  from  any  point,  Q,  in  the 
object  A  H  ;  let  7  1^  the  corresponding  point  in  ab,  and  9'  a  similar  point  in 
a'  b' ;  the  light  will  enter  the  eye  as  if  it  camo  from  g',  therefore  draw  the  liuci 
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q'  e,  and  they  will  show  the  final  coarse  of  the  pencil  bj  which  the  point  Q  i« 
seen.  From  the  poinUi  where  these  lines  meet  the  mirror,  E  F,  draw  lines  to 
and  thoy  will  represent  the  course  after  reflection  by  C  D ;  from  the  points  where 
these  lines  meet  the  mirror  C  D,  draw  lines  to  the  point  Q,  and  they  will  show 
the  course  of  the  rays  which,  after  reflection  by  each  of  the  mirrors  C  D,  £  F, 
form  the  pencil  by  which  the  eye  at  e  sees  the  point  q'  in  the  secondary  image 
«'  b'. 

The  invcr.sion  of  parts  by  the  two  mirrors  are  now  seen  to  correct  each  other, 
and  all  the  parts  of  the  image,  a'  b\  have  the  same  relation  to  each  other  as  in 
the  object  A  B.  The  peculiar  excellence  of  Wollaston's  Camera  lucida  (518) 
depends  upon  the  fact  that  by  means  of  two  reflections  all  parts  of  the  imag« 
preserve  their  natural  relations. 

422.  Maltiplicity  of  images  seen  by  means,  of  inclined  mir- 
rors.— When  an  object  is  placed  between  two  mirrors,  wbicb  make 
with  each  other  an  angle  of  90^  or  less,  several  323 
images  arc  produced,  varying  in  numbers  accord- 
ing to  the  inclination  of  the  mirrors.    If  thcj  are  , 
}>laced  perpendicular  to  each  other,  three  images  ^T^ 
will  be  seen,  situated  as  in  fig.  323. 

The  rays  0  C  and  0  D,  from  the  point  0,  form,  after  a  j 
single  reflection,  one  the  imago  0',  the  other,  the  imago  \ 
0";  and  the  ray  0  A,  which  undergoes  two  reflections  at  !  i  / 

A  and  B,  gives  a  third  image,  0"'.  When  the  inclination^  /   i-^ 

of  the  mirrors  is  60°,  five  images  are  formed;  and  when  ' 
thoy  are  (jlaocd  ut  an  angle  of  45°,  seven  images  are  produced.  The  number 
of  images  continues  to  increajie  as  the  inrlination  of  the  mirrors  diminishes,  and 
when  the  mirrors  become  parallel,  the  number  of  images  is  thcorctivnll^  infinite, 
but  as  some  of  the  light  is  lost  at  every  reflection,  and  the  successive  images 
appear  more  and  more  distant,  only  a  moderate  number  of  images  are  visible. 

423.  Deviation  of  light  reflected  by  two  mirrors. — When  a  ray 
of  light  reflected  by  a  mirror  is  again  reflected  by  u  second  mirror,  in 
a  plane  perpendicular  to  the  intersection  of  the  two  324 
mirrors,  the  deviation  of  the  ray  from  its  original 
direction  is  equal  to  twice  the  angle  formed  by 
the  two  mirrors. 

Let  two  mirrors,  A  and  B,  fig.  324,  be  inclined  to 
each  other,  so  that  their  directions  shall  meet  at  some 
point,  C,  forming  an  angle  A.  C  W  =  n.  Let  the  ray 
of  light,  S  A,  bo  roflectcii  by  the  first  mirror  in  the 
line  A  B,  ami  falling  upon  the  second  mirror  be  again 
reflcctfil  in  the  direction  B  I>,  meeting  the  original  direc- 
♦iou  S  A  I)  in  I>.  Let  the  angle  of  dcviiition  A  D  B  =  e/. 
Draw  N  A  n  perpendicular  to  the  mirror  A,  and  B  n  per- 
pendicular to  the  mirror  B.  The  angle  between  these 
perpendiculars  will  be  equal  to  the  angle  formed  by  the  inclinations  of  the 
mirrors,  orAnB  =  ACB  =  o. 
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Let  SANs=NAB  =  i,  and  A  B  n  =  i' ;  then  ainco  XAB=ABn-f-ANB, 
we  hare : — 

f  =  i'  -j-  a   .'.    a  =  {  —  i' ; 
also    BAD-fABD-i-ADB  =  180°, 
or2(90O  — i)-|-2r  +  (/  =  180o  .-.  d  =  2(i  —  i')  =  2a  j 

Or  the  deriation  of  any  ray  after  two  reflections  is  equal  to  twice  the  angle  be- 
tween the  mirrors. 

424.  Kaleidoscope. — This  beautiful  toy  depends  upon  the  multi- 
plication of  images  hy  inclined  mirrors.  Two  mirrors,  inclined  at 
angles  of  30®,  45°,  or  C0°,  are  placed  in  a  paper  tube,  one  end  of  which 
IB  closed  by  plain  and  the  other  by  ground  glass.  Various  objects,  as 
fragments  of  colored  glass,  tinsel,  twisted  glass,  &c.,  are  placed  in  a 
Darrow  cell,  at  the  end  of  the  tube,  closed  with  ground  glass,  just  room 
enough  being  left  to  allow  the  objects  to  tumble  around  as  the  tube  is 
moTcd.  On  looking  through  this  instrument  towards  the  light,  multi- 
plied images  of  every  object  are  seen,  beyond  all  description  splendid 
and  beautiful ;  an  endless  variety  of  symmetrical  combinations  appear- 
ing to  the  view  as  the  instrument  is  moved,  but  never  recurring  with 
the  same  form  and  color. 

Let  A  C  and  B  C,  fig.  325,  be  the  two  mirrors  of  the  kaleidoscope,  and  let  the 
dotted  circle,  described  about  C  as  a  centre,  represent  the  tube  in  which  they 
are  placed  j  let  Q  be  the  position  of  an  object 
within  the  anjfle  formed  by  the  mirrors.  If  Q  is 
in  the  circumference  of  the  circle  described  about 

C,  the  two  scries  of  images  of  Q  will  bo  formed  in      qi^  '   \  /  •.. 

tho  circumference  of  the  same  circle,  <;f,  7,  7,  q^  be-        ^        ^  / 
ing  formed  by  tho  mirror  A  C,  and  q'  q"  q'"  q"" 
being  furmed  by  the  mirror  B  C.    Since     is  in  a 

line  perpendicular  to  A  C,  and  at  tho  same  dis-  ,  .-  jg, 

tanco  from  A  C  behind  it  as  Q  is  before  it,  that  t 
perpendicular  is  the  chord  of  tho  arc  Qf],  and  7^ 


\ 

C  as  a  centre.    For  the  same  reason  q*  is  aloo  in 


14  in  the  circumference  of  the  circle  drawn  about       \      /  \ 

the  same  circumference ;  so  also  9''  being  the  imago  lf4 
of  9,,  is  as  far  behind  B  C  as  7,  is  before  it,  and  as  the  lino  joining  7,  and  7"  is 
perpendicular  to  B  C,  it  must  be  the  chord  of  tho  circle,  and  hence  7"  is  in  tho 
circumference.  In  tho  same  manner  it  moy  be  shown  that  every  image,  formed 
by  repeated  reflections  from  A  B  and  B  C,  is  also  in  the  circumference  of  the 
circle  described  about  C.  Wlien  wo  arrive  at  any  image,  74  or  7"",  falling,  as 
in  the  figure,  between  the  directions  of  tho  mirrors  produced,  such  an  imago 
being  situated  at  tho  back  of  both  tho  mirrors  must  be  the  laMt  of  its  series,  aa 
DO  light  from  such  an  image  can  fall  upon  either  mirror. 

According  to  \  423,  the  distance  between  any  two  images,  formed  by 
an  even  number  of  reflections,  will  be  equal  to  twice  the  angle  between 
the  mirrors.  It  is  evident  that  images  formed  by  an  odd  number  of 
reflections  will  be  situated  between  each  two  of  the  former  series: 
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hence  the  entire  number  of  images  seen  in  tho  kaleidoscope,  including 
the  ohjoci  itself,  will  bo  equal  to  300°  divided  by  the  angle  contained 
betAvecn  the  mirrors.  If  tho  inclination  of  the  mirrors  is  CO'*,  the  num- 
ber of  iniagOM,  including  tho  object,  will  be  six  ;  if  the  inclinatinn  is 
the  number  Avill  be  eight;  and  for  30°  every  object  will  appear  a« 
twelve.  If  tho  inclination  of  the  mirrors  is  small,  tho  images  formed 
by  many  successive  reflections  become  too  faint  to  be  distinctly  seen. 

425.  Hadley's  sextant  is  an  instrument  depending  on  reflection 
from  two  mirrors,  and  used  chiefly  ])y  seamen  for  measuring  the  alti- 
tudes and  angular  distances  of  the  heavenly  bodies. 

Twu  mirrors,  a  aud  b,  fig.  32C,  are  so  mounted  that  tlio  angle  of  inclination 
cau  be  varied  at  i)leaauro.  The  mirror  o  is  attached  to  a  movable  arm,  aC, 
Thich  turDrt  about  the  centre  of  the  graduated 
irc  A  B.  This  arm  carries  at  C  a  rcruicr  bj 
wbicli  minute  divi^siuus  of  the  graduated  arc 
are  cui*ily  distinguished.  Tho  mirror  6  ia 
firmly  attached  to  the  frame  of  tho  instru- 
ment, and  the  outer  portion  haji  the  silvering 
removed,  so  that  an  eye  placed  at  c  sees  the 
distant  horizon,  or  uiiy  other  object  to  which 
il  id  directed,  in  itd  true  position.  The 
mirror  u  is  turned  with  tho  indux  arm  a  C, 
until  any  other  object,  as  tho  sun,  moon,  or  a 
Btar,  whose  light  is  twice  reOected  in  tho 
directions  S  a  b  c,  appears  to  coincide  in 
direction  with  tho  horizon  or  other  object,  II, 
seen  by  direct  light,  from  which  its  angular 
distance  is  to  bo  measured.  The  telcsco]>e  at 
e  is  used  to  facilitate  accurate  observation. 
Tho  divisions  of  the  graduated  arc  and  voniier  arc  ul.so  read  by  the  aid  of  a 
magnifying  len«,  not  sliuwn  in  the  figure.  The  deviation  of  the  my  R  n,  after 
being  twice  rcfl<;ctcd,  is",  by  g  423.  twice  tho  angle  c<»nt:iinrd  between  tho 
mirrors,  or  twice  the  degrees  contained  between  A  C ;  half  degrees  on  tho 
scale  are  lheret".>re  marked  as  whole  degrees.  The  reading  by  the  vernier  gives 
the  altitude  or  angular  distance  of  the  observed  object. 

III.    REFLECTION'  AT  CURVED  SURFACE.S. 

'l-«).  Concave  and  convex  spherical  mirrors. — If  an  arc  of  a 

eircio,  M  N,  lig.  327,  is  U)ado  to  revolve  around  a  line,  ACL,  drawn 
through  i  s  centre  of  figtire  A,  and  327 
its  centre  of  curvature  0,  it  will 
generate  a  curved  surface,  which 
will  be  a  segment  of  the  surface  of 
a  sphere.  Internally, such  a  ]Kilishcd  " 
surfai'c  is  called  a  concave  mirror, 
and  externally  a  convex  mirror.    The  lino,  A  C,  is  called  the  principal 
axis  of  the  mirror,  and  any  other  line  drawn  through  the  centre  of 
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MTCf  C,  is  culled  a  secondary  axis.   The  angle     C  N  i«  call 
iagutar  aperture  of  tbe  mirror.   A  scoliooi  made  by  a  plnm  ftASB- 
g  Uirougli  tlio  principal  axis,  A     is  called  the  principal  section,  or 
n.  mcrldiona]  section. 

tht  theorjr  of  risfl&eiioii  from  earved  miiror*  w  ewily  deduced  frotD  the  k»« 
rtflei'tioa  by  |ilaoe  tnirror*.    E^cry  point  la  Ibfl  curred  mtrrur  muy  bar 
iktivi  m»  A  poiat  in  m  plwi6  mirror  io  situnted  that  iia  purpeaditulftf^  wbcnr 
lb«  rsf      ligbt  tftlla  Dpoq,  it,  coliicidefl  nviLh  the  r»d.iiu  of  tlio  curY«d  udrror 

A  lims  drawn  from  anj  point  m  a  Bpherical  inirror  to  Uie  centre  of 
curratufc,  will  he  pcrpendiculiur  to  the  mirror  at  that  point,  md  also 
pefpeodicuiar  to  aoj  plane  mirror  touohtog  the  curved  mirror  at  tliat 
point, 

4527.  Foci  of  ooaoaire  mirroxm  for  parallel  mj&. — The  f(K3UB  of 
m  concmte  mirror  h  the  point  towards  which  the  reflected  rays  con- 
verge. 

{a)  ParaJM  ratj*  falling  near  the  axis  of  a  concave  mirror,  fig,  SSTt 
eoarerge,  after  reHecCion,  to  a  point  equidistant  between  the  mirror 
lutd  the  centre  of  the  tpliere,  of  which  the  mirror  forms  a  part.  Thid 
poinl  is  culled  thf  principal  Jhcu^. 

Raj»  of  light  emanating  fnim  the  principal  focu«  of  a  concaTe  mirror, 
will  be  reflected  parallel  to  each  other. 

Dfrnt/nttratinn^—TM  Udcs  C  M,  C  B,  0  B,  tLg.  327,  drawn  from  the  eeotre  <»f 
rvKturc  tit  ibe  talrror,  M      Kro  perp«»di«Qlar  to  tho  mirror  at  tbw  pokit). 
T' •  I  .  r.  Ill  *  ;  i  vn,  H  B,  CI  D,  wiJl  ccmvergo,  H.l\cr  reSection,  ta  thn  |K>iat  F.  It 
.  aoglu  of  rcfluL'titio,  C  U  F,  for  any  rtky,  will  be  equal  to  tLe 
ai  ^  .     .  .\  Q  1)  fJ'f  but  G  I>  C  i«  cquEL]  to  D  C  V,  which  i§  the  &1leniiite 

aagk  fonned  by  a  line  D  C,  meeting  iwQ  pju-aUel  linea,  <1D,  L  A  ;  hence  in  tho 
Iriaagle,  C  F  D,  tbe  iuiglei,  F  €  B  and  F  D  C,  ftr«  i^qual,  and  tberefor«  the  eid««, 
C  It  *ii4  F  D„  Are  equal.  IT  the  polut,  gradoslly  approa^heii  tbo  poiat^  A, 
C  F  ^  1^  differ  Icti  and  leaf  from  C  A,  until  their  mim  will  be  tenaibij  eqeal 
le  C  A.  Kod  F  A  will  be  vetifiblj  equnl  to  one-biilf  of  C  A|  or  the  ftmrn  «f  pandlel 
njrtv  tflrt  reflection  from  ■  coacaro  mirror,  will  be  csqii«l  to  one-bslf  tbe  radial 
«f  nuTAture.  If  tbe  poijit  of  incidcuee,  recedce  from  A  towarde  M,  or  tbo 
point,  will  j^rlu&IlT  approach  A,  or  the  forul  distance  will  dimiuiib.  A 
eea^ee  ipberit!*!  tairrer  will  therefore  reflect  parallel  rayi  te  a  linsle  foeat 
pelMt  Mllj  when  tbe  dfameler  of  thotnLrrur  ts  ^mall,  Practicallj  U  ia  round  thai 
tiw  4iMiitA«a-  of  the  mlmir,  or  the  ^^ular  apertorej  M  C  ihould  not  eieieed  t 
«r  10  decreet. 

428.  Foel  of  divetslxiK  raya.— If  rajs  of  light  falling  upon  a  con- 
laTB  mirror  diverge  from  a  point  beyond  the  centre  of  curvature,  they 
wUl  cottTif||9,  after  reflection,  to  n  point  between  the  prindpal  focus 
and  tho  eenirc  of  cun^atufc.  This  point  of  convergence  ia  called  the 
eonjii^ate  foeoi,  hooaiue  the  distanoe  of  the  radiact  point  and  the  fi>eua 
2» 
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to  which  the  rays  converge,  afler  reflection,  have  a  mutaal  relation  to 
each  other.  328 

Lot  rays  direrging  from  »  point,  L,  -  -   « 

fig.  328,  fall  upon  a  conoare  mirror,  the  T'*^  

angle  of  incidence,  LEG,  will  be  smaller  aI      Jw>^..  ^^^^^^'^  ^' 

than  S  K  C,  which  is  ttie  angle  of  incidence 

for  parallel  rays  falling  upon  the  mirror  at  ^^i^:::::::^!!!!!-^.    

the  same  point  The  angle  of  reflection, 

C  K  /,  will  also  be  smaller  than  C  K  F ;  hence  the  ray,  L  E,  will  be  flo  refleoted 
as  to  cross  tho  principal  axis  at  a  point,  between  F,  the  principal  foeas,  and 
C,  the  centre  of  curratnre  of  the  mirror. 

The  relation  between  the  radiant  point  and  point  of  convergence  is  easily 
determined.  In  the  triangle  L  E  f  the  radius  E  C  bisects  the  angle  L  E  ^  henee 
by  a  well  known  principle  of  geometry : — 

CL  {C 
CL:iC  =  LE:JE        —  = 

When  tho  incident  pencil  is  very  small,  L  E  =  LA,  and  2E  =:  7  A,  very 
nearly,  hence  we  have, 

CL  /C 

—  nearly. 

Let  LA  =  «,  JA=sr,  CA  =  radius  of  the  mirror  =  r,  and  A  F  =  the 
principal  focal  length  s  /.  Then  /  =  and  by  substituting  these  values,  the 
above  equation  becomes 

tt  — r     r— r  1      1       1  I 

 s=  •  Dividing  by  r  we  have  ■  =  ; 

u  V  r      u      %  r 

Or  ^  — -    i— i     i  ' 
'  r      r      tt      /      M ' 


I—/     2h— I 


From  this  formula  we  may  deduce  tho  value  of  r,  or  the  focus  of  reflected 
rays,  whatever  may  be  the  point  of  divergence  of  tho  incident  rays. 

If  the  luminous  point  is  removed  to  Z,  the  reflected  rays  will  meet  at 
L.  If  the  luminous  point  is  placed  at  the  centre  of  curvature,  C,  all 
the  rajs  will  fall  perpendicularly  upon  the  mirror,  and  be  reflected  back 
to  the  point  G,  from  whence  they  came. 

If  the  luminous  point  is  situated  between  the  centre  of  curvature  and 
the  principal  focus,  the  conjugate  focus  will  be  removed  beyond  the 
centre  of  curvature,  and  become  more  and  more  distant  as  the  Inminoat 
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Int  nfiproaches  the  principal  focua.  When  tlie  lutaincus  paint  arrivef 
ihe  principal  focus,  the  conjugate  focus  will  be  removed  to  an  iiifiaito 
iituncc,  or,  in  other  wotda,  the  reflected  raya  will  become  paralleL 
hile  tiie  radiant  point  lias  removed  from  G  to  F,  tho  conjugate  foeua. 

f^ored  from  C,  to  on  infinite  distance, 
429.  CooTerging  raya.— Virtual  focttt,— If  the  radiant  point 
from  the  principal  focu-s  F,  ti>ward8  the  mirror,  as  in  fig.  329, 
ia  erideot  liint  ihe  reflected  rays  -will  dipergct  aa  329 
ugh  emanating  from  a  polut  f,  behind  the  mirror, 
Hed  the  tiriual Jhcus, 

When  the  radian  I  point  is  near  the  principal 
ti»,  between  it  and  the  mirror,  the  ylrtual  focus 
of  the  diTcrgent  reflected  rays  will  be  at  a  very 
g;reftt  diataoce.  As  the  radiant  poiot  continues  to  approach  the  mirror,, 
the  yirtual  fix:ufi  also  approaches  it.  While  the  radiant  [Kiint  paasea 
from  the  principai  fucus  Iq  the  mirror,  the  ooajugate  virtunl  fi>cua,  qt 
point  from  whieh  the  reflected  ravs  appear  to  diverge,  passes  from  an 
iiiflfiite  distance  behind  the  mirror,  to  the  surface  of  the  mirror,  or  to 
tiie  radiant  pint  itself. 

These  propositions  may  be  easily  proved  by  giving  to  u  appropriate 
TaJtsea  in  the  formula. 

430«  Secondary  axea. — Oblique  pencils. — If  the  lomlnouA  point, 
fig.  330,  not  situated  in  the  principal  axis  of  the  mirror^  &  liad 
wn  (mm  the  radiant  point  through  the  centre 
of  eurrmhire,  aa  LC  B,  will  constitute  a  sei^ond* 
arjf  OTif,  and  the  focus  of  the  oblique  pencil  of 
rmya  diverging  from  L,  will  be  found  in  this 
teoondarj  xixh.  In  the  same  manner  we  may 
dmir  Eeoondary  axes,  and  determine  the  foci, 
whether  real  or  virtual,  for  any  number  of  points  in  a  luminous  ohjeet* 
43  L  Bule  for  c  org  agate  foci  of  cod  cave  mirrora. — MulHply  th^ 
.ditiUsneftif  the  Tudiatit point  f rom  the  mrrror,  bt/  the  radius  of  cttrmiuref 
dicidt  thU  pToduet  by  imce  the  distance  of  the  radiant  poinf^  minuw 
radivto/^urvaltirenfihe  mirrtir,  and  (he  quotient  will  be  0te  distatm 
ihe  a>fijtnjatc  Jhcits  from  ihe  tnirror. 

If  tho  rinwlient  gtr^w  Ijy  ibis  rol©  la  negsttrc..  or  if  twice  the  dist»a*e«f  the 
nrltftiit  [mini  i»  I'ctt^  ittan  tlie  radiuf  of  ^nrraturv,  tho  conjugttio  faettt  will  hn  a 
titi  focua  behiii'l  thu  diTt'or,  luid  ihe  reflected  rnjH  will  dirergA. 

432.  Convex  apheilcal  m^noiB. — The  efiecta  attending  the  refleC' 
tion  of  diverging^  aooTerging,  or  parallel  raya  of  light  by  cooTex 
f«fl«cUirt,  are,  in  general,  the  oppojslte  of  the  effect*  produced  by  con- 
aiTe  relSeeton.   the  foci  of  parallel  and  diverging  rays  of  lights 
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reflected  by  a  oonyez  reflector,  are  at  the  same  distance  as  for  concave 
mirrors,  but  they  are  situated  behind  the  reflector,  and  are,  hence,  only 
virtual  foci.  Light  converging  towards  any  point  behind  a  convex 
mirror,  more  distant  than  the  centre  of  curvature,  vrill  diverge,  after 
reflection,  from  a  virtual  focus  between  the  centre  of  curvature  and  the 
principal  focus.  Rays  couTerging  toward  the  principal,  virtual  focus, 
will  be  reflected  parallel ;  but  rays  converging  towards  a  point  nearer 
to  the  mirror  than  the  principal  focus,  will  be  reflected  to  a  real  focus 
in  front  of  the  convex  reflector. 
These  phenomena  will  be  readi- 
ly understood  by  an  examina- 
tion of  fig.  331.  The  ray  S I  is 
reflected  in  the  direction  F I M ; 
L£  is  reflected  in  the  direc- 
tion i  E  G,  and  reciprocally, 
G  £  is  reflected  in  the  direction  £  L,  and  M I  in  the  direction  I  S. 

The  formula  for  the  convex  mirror  may  be  determined  in  the  same  manner  at 

for  the  concave  mirror,  or  we  may  deduce  it  at  once  from  the  formula  for  the 
concave  mirror.  8inco  the  focus  of  parallel  rays  is  behind  the  convex  mirror, 
if  we  call  the  value  of  /  for  the  concave  mirror  positive,  it  must  be  negative  for 
the  convex  mirror.  If  therefore  we  insert  —  /  instead  of  /  in  the  formula  for 
the  concave  mirror,  it  will  become  for  the  convex  mirror - 

1  1  I 

from  which  it  appears  that  the  value  of  v  must  also  bo  negative  when  h  ia  posi* 
tive,  that  '19,  u  and  v  are  on  opposite  sides  of  the  mirror.  Now  by  putting  — « 
instead  of  v  in  the  abuve  formula,  it  will  represent  the  absolute  value  of  the 
focus  of  reflected  rays  reckoned  on  the  back  side  of  the  convex  mirror,  and  we 

111  /« 
have  for  the  convex  mirror,     -  =  f-  -    .*.    •  =  . 

433.  Images  formed  by  concave  mirrors. — The  principles  already 
explained  enable  us  to  understand  the  formation  of  images  by  concave 
mirrors.  Let  A  B,  fig.  332,  represent  an  object  placed  before  a  concave 
mirror,  beyond  its  centre  of  332 

curvature.    The  lines,  A  C   ^  jp 

and  B  C,  drawn  through  the  -   "  J  ~~sSyr^ 

centre  of  curvature  from  the    '  J"--  ^^^^'^^ 

extremities  of  the  object,  are    -  -     _   -  — —- 
the  secondary  axes  in  which  • 
the  extremities  of  the  image,  a  6,  will  be  formed,  at  a  distance  from  the 
"Mirror  equal  to  the  conjugate  foci  for  the  extreme  points  of  the  object 
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Tbit  Image  im  real,  inverted,  BinnUer  thiiii  the  object,  taid  placed  between 
the  ceotre  of  cu  rvature  and  the  principal  focus. 

If  IB  regarded  aa  the  object,  placed  between  the  centre  of  cuTTa< 
ture  and  tbc  prlncip&l  focus,  an  cDl&rgcd  image  will  be  formed  at  A  B. 
If  ihe  object  is  placed  at  lh<i  principal  focus,  do  image  will  be  formed, 
tieCAuse  tb«  ra.jr«  from  each  point  of  the  object  will  be  refieclcd  parallel 
s  drawn  through  the  centre  of  333 
ro  from  the  points  where  thej  ^ 

If  the  object,  A  B,  ia  placed  entirely  on 
puv  Btdo  uf  the  pHixcipul  axi«,  ua  in  fig. 

it  is  evident  that  ita  image,  a  fc,  will  be  fomed  on  the  (opposite  aide 
t  the  priticipftl  nxi:». 

Virtual  images. — If  the  object,  A  B,  fig.  334,  ia  ploc^  between 
the  luirror  ttud  %he  principal  focu^,  the  inctdeot  rajs,  A  D,  A  K,  tfvkei 
fcftef  reflection,  the  direction?,  D 1,  K  and 
their  pralungiitions  bucltward^  form  at  a 
virtual  image  of  the  point  A.  In  the  same 
iiftnticr  the  itmiige  uf  B  is  formed  at  b,  so 
that  the  image  of  A  B  ia  «oen  at  a  The 
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Urj^cr  llwm  the  object. 
From  the  preceding  illustrations,  it  la  eTidcnt^  that,  when  an  objeet 
placed  before  a  concave  mirror,  more  distant  than  the  centre  of 
iirvatmro.  the  image  is  real,  bnt  inTerted,  and  smaller  than  the  objecti 
the  object  approaches  the  centre  of  curvature,  the  tmnge  ctilorgec 
nd  becwineg  e^joal  to  the  object  and  col JQcldes  with  it;  when  the  ol^cct 
pproachea  nearer  to  the  mirror  than  the  centre  of  curvature,  the  image 
itn*ts  lor^er  than  the  olijiM't,  aud  more  distimt  from  the  mirror, 
'hen  t!ie  vlyect  iirrlvea  at  the  principal  fi>eus,  the  imago  becoDaei 
)j  distant,  and  didnLppeara  entirel  v  :  when  the  object  approaches 
to  the  mirror  thnn  the  principal  focus*,  an  erect  virtual  image, 
larger  than  the  object,  uppoars  behind  (ho  mirror, 

435.  FonaatioD  of  images  by  convex  mirrom,— Let  A  B,  fig. 


35,  be  an  object  placed  before  a  convex 
inw,  at  an  J  distance  whatever.   If  we 
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raw  the  secondary  axes,  AC,  B C,  it  fol- 
lowf,  fr<:>m  what  Uaa  been  said  (433)  concem- 
ing  the  oon&tfiiction  of  foci  of  convex  mirrors,  * 
thai  ttU  the  myn  etnrttcd  fmiri  Ihe  point  A,  diverge  after  rt?flcct(on,  and 
that  tfaoSr  prolongations  backward  conterge  to  a  pointy  a,  which  is  a 
2d* 
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virtufLt  im&ge  of  the  point  A.    Iel  the  same  tnnDoer,  mjs  emitted 
Ibe  point  B,  form  a  vkrtual  image  of  that  point  ia  b. 

Wbtttcver  tn&y  be  the  position  of  an  object  before  a  convex  mirror, 
the  image  U  alwa^jii  fi>Tmed  beklud  the  mirror,  erect  vid  smailer  tl) 
tlie  object. 

436.  Oeaerai  mie  for  aonfltrnctlng  images  formed  by  mtoors. 

— To  oouatrucfc  the  imiige  of  a  poi&t;  L  Draw  a  secondary  fr^ 
tliai  poittl;  2.  Take  from  the  gieen  pQinl  any  incidetil  ratj  ttkal^rrf 
join  the  point  of  imuience  and  the  t£ntre  o/curTatuix  of  the  mirror  6y 
rigM  line;  this  will  be  tfie  pcrpendieidar  at  thai  point  oftd  mlt  gktm  th§ 
angh  of  imitletice;  Z.  Draw  /ram  tht-  pQiHt  if  utcitJence^  on  the  oMt 
^ide  of  tht  pctjtendicularf  a  right  line,  which  shall  make  with  it  an  an^' 
^qual  to  the  angle  if  incidence.    ThU  lajtt  Une  representi  (he  t  ejtected  rttfff 
whtchf  bein^ prQhHgei.1  nntU  it  croj#M  (he  *ecotidanf  azU^  determims  ih4. 
place  where  the  image  of  the  gieen  point  is  formed,    4.  Determine  (h 
position  of  any  other  pvini  in  ike  object  in  the  mme  manner, 

437.  Spherical  aberratioii  of  mirrois. — ^Cattvtlos, — Tbe  nj« 
from  anj  point  of  an  object,  placed  before  a  irphcricaj  mirror,  cohort 
or  coDTex,  do  not  converge  Bensibly  to  a  lingle  poiDt,  aDle««  Ihe  apertu' 
of  the  mirror  is  limited  to  8°  or  lO**.    If  the  aperture  of  the  mirror 
larger  than  thia,  the  rajs  reflected  from  the  borders  of  the  mirror 
the  axis  nearer  to  the  mir^r  than  those  which  are  reflected  from 
portioDA  of  the  mirror  very  near  to  the  ceDtre. 
There  resultei,  therefore,  a  vaiit  of  clcames«i  or  dia- . 
tiQCtnesa  in  the  image^  which  is  desi^ated  gphericol  \ 
tUterration  Iff  rejlcetion. 

The  red  Oct  cd  rajs  cru^s  each  other  BucceestFelj, 
two  atid  two,  and  their  point  a  of  intersectioo  form  in , 
space  a  brilliant  Burfaee,  called  a  cauitie  hy  reflec-  { 
tion,  curving  towarcJs  the  asje^  aa  shown  io  fig.  336/ 
where  C  h  tbe  centre  of  curruturo,  F  the  principal  focu?,  and  d  the 
centre  of  figure. 

f  3.  Dioptrics,  or  Hefraction  at  Regalar  Surfa&es. 

I.  OEItNITlOSa. 

43 8 i  Prlema  and  lenses,  are  bodies  hating  certain  reguJuf  formi^ 
Bections  of  which  ar&  shown  in  fig.  S37 

337. 

A  prism  isi  u  solid  ba¥Ltig  three 
or  rooro  plane  faces,  rariously  in- 
alinoil  to  eauh  othcr»  oa  shown  ai  A,  fig.  337,   The  angle  formed  bj 
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IbeiMj  A  R,  A  S,  is  the  refniclmg  AtigU  of  the  prism.  For  some 
pQfpoww  prisniH  are  ufled  hflring  more  than  three  plane  fatios. 

A  UnM  h  a  portion  of  some  tr0na|>arezit  enbstance,  as  glass  or  crystal, 
of  whieb  the  stirfaccs  are  gmm-aUy  either  both  sphericul,  or  ono  plane 
and  the  other  ppherical.  The  a^is  of  a  lens  ia  the  line  jointDg  the 
MfitMft  of  the  spherical  eurfaeca  when  both  aroi  curred,  and  the  line 
pcrpendieolar  to  the  plane  surface  which  passea  through  the  centre  of 
the  other  Hurfaee  when  one  side  is  plaoc.  When  the  surfaces  of  lenses 
are  of  different  kiud^  they  are  namej  in  reference  to  the  ^ide  on  which 
the  light  first  falls. 

If  the  figures  C,  D,  E,  F,  G,  H,  I,  irere  revolved  around  the  axis, 
H  N,  they  would  *CTeral!y  describe  the  solid  lenses  they  are  intended 
to  represent. 

in  cxplaintDg  the  properties  of  lenses,  and  showing  tlie  progress  of 
light  through  them,  vit  miike  use  of  such  soctions  as  are  shown  in  the 
figure^  tor  erery  plauc  passing  tbttiugh  the  axis  has  the  same  form,  and 
what  ia  true  of  one  section  is  true  of  all, 

Aphne  gtmSr  B,  is  a  plate  of  glass  having  two  pltme  surfaces,  aht 
c  dt  parallel  to  each  other. 

A  tphftt^  fhowa  in  section  at  C,  has  all  parts  of  its  surface  equally 
dialAiil  from  a  certain  point  within,  called  the  centre. 

A  dmi^  C0II9W  lm3,  D,  is  a  solid  hounded  by  two  convex  surfaces, 
whicli  art  geDorallj  spherical, 

A  ^amhwntiez  lot*,  K,  has  its  first  surface  plane,  and  the  other 

A  dmUe  &>ncave  lent,  F,  has  two  concave  surfaces  opposite  to  each 
other, 

A  piantyconeave  letiSt  has  ito  &rst  surface  plane,  and  the  other 
eoncave. 

A  mmiseuSt  shown  at  H,  baa  one  surface  codtcx,  and  the  other  con- 
carOf  their  curvatures  being  such  that  ibe  t  wo  surfaces  meet,  if  con* 
itQued.  As  this  lens  is  thicker  in  the  centre  than  at  its  edges,  it  may 
bt  regarded  &«  a  convex  lens. 

A  eoneavo-ajnpex  hns^  nhown  at  I,  has  its  first  surface  conc&vcj,  and 
the  other  convex^  but  the  curvature*  arc  such  that  the  surfaces,  if  con- 
Itotied,  would  never  meet.  Ab  therefore  the  concavity  exceeds  the 
convexity,  it  may  he  regarded  hs  a  concave  lens. 

II.  it£rRAtf  Io^^  at  plane  bu&pace3. 

43D.  RefracUon  by  priamfl.— If  a  ray  of  light,  l»,  fig.  338,  falls 
obliquKly  upon  a  tranaparent  tnediutn.  whose  opposite  plane  faces  are 
uot  parallel,  the  ray  will  he  refracted  at  the  flrat  surface,  and  take 


816 


PHYSICS  OV  IMPONDERABLE  AGENTS. 


B  direction  nearer  to  the  perpendicolar.   Now  if  the  position  of  the 
incident  raj,  and  the  inclination  of  the  faces  of  the  medium,  are  as 
shown  in  the  figure,  it  is  obTions  that  the  emergent  338 
ray,  nf    will  be  turned  still  further  from  its  original 
direction.  It  is  evident  that  an  j  other  position  of  the 
second  refracting  surface  would  cause  a  correspond- 
ing  alteration  in  the  direction  of  the  emergent  ray. 

Let  a  he,  fig.  339,  be  a  section  of  a  triangular  prism,  ln% 
ray  of  light  incident  at  n,  0  n  t  the  perpendicular  at  that 
point,  n  n'  will  be  the  course  of  the  ray  of  light  through  the 
prism,  and  m'  I'  the  emergent  ray. 

If  the  prism  is  more  dense  than  the  surrounding  medium,  the  light  will  cntar 
the  prism,  whatever  may  be  the  angle  of  incidence,  but  if  the  angle  of  incidence^ 
{  n  0,  diminishes,  then  the  ray,  n  n',  will  fall  more  obliquely  upon  the  second  aor^ 
£aee  of  the  prism,  until  it  may  arrive  339  340 

at  an  inclination  where  it  will  suf- 
fer total  internal  reflection. 

If  the  incident  ray,  I  n,  fig.  340, 
falls  upon  the  prism  at  such  an 
angle,  that,  after  refraction,  it  takes 
the  direction,  n  n',  parallel  to  a  c, 
the  base  of  the  prism,  the  angles  at  which  it  enters  and  leaves  the  prism  will  be 
equal,  and  the  deviation  of  the  emergent  ray  from  the  course  of  the  incident 
ray,  will  be  the  least  possible.  The  ray,  I'  n,  will  emerge  in  the  direction  m  p', 
and  I"  n  will  emerge  in  the  direction  op",  each  deviating  more  from  the  direc- 
tion of  the  incident  ray  than  n' p  deviates. 

If  a  candle  is  viewed  through  a  triangular  prism,  on  slowly  turning 
the  prism  about  its  axis,  a  certain  position  will  bo  found  where  the 
apparent  position  of  the  candle  differs  least  from  its  real  position.  In 
whichever  direction  the  prism  is  now  turned,  the  difference  between  the 
real  and  apparent  position  of  the  candle  increases. 

440.  Method  of  determining  the  index  of  refraction. — Let 

Inn' p,  fig.  341,  bo  the  direction  of  the  ray  of  light  when  the  deviation  caused 
by  the  prism  is  a  minimum.  Draw  k  b  parallel  to  the 
incident  ray,  / n,  and  rbo  parallel  to  the  emergent  ray, 
n'  p.  Let  h  =  hbr,  the  entire  deviation  caused  by  the 
prism ;  d  =  A  6  n,  the  complement  of  the  angle  of  inci- 
dence ;  g  =  abc,  the  refracting  angle  of  the  prism j 
q  =  ti'  b  o  =  e  n'  p,  the  complement  of  the  angle  of  emer- 
gence. In  this  case  the  angles  of  incidence  and  emer- 
gence are  equal,  hence  d  ==  q  =  90**  — »,  t  being  the 
angle  of  incidence,  D  =  180°  —  d  —  g  —  q  ;  substituting  in  this  equation  the 
values  of  d  and  q,  we  have  D  —  2i  —  g,  and  »  =  ^  (D  g)-  Let  a:  and  y,  aa 
in  fig.  339,  represent  the  angles  formed  with  the  perpendiculars  by  the  ray 
traversing  the  prism,  x  -\-  y  =  g,  and  when  the  angles  of  incidence  and  emar- 
gence  are  equal,  x  =  y.    If  n  equals  the  index  of  refraction,  we  ahall  have: — 

sin.  i  sin.  i  (D  -f 

n  =-   ,    or,    h  =   ; —  . 

sin.  X  sm.  \  g 
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Xow  mh«a  tli«  ftuglQ  or  miaTiottm  dcritiUdn  md  iht>  refrncting  sngle  of  thm 
prltipL  Kt«  Ba:eUD.itN],  ibis  formutn  &ai|bl«f  ua  al  odo«  to  dttermiae  tbo  index  <^t 
tafnelloiB.    Xq  tfaii  msnnei'  Ut«  ifidex  of  ref^aeiion  of  mnj  nibftaiiea  li 

441.  Fluie  — A  mj  of  Hglit  paeeing  through  a  ptntnj  gla^a,  or 
»ey  other  mcdmm  of  uniform  Jeo^itj  bounded  by  paralkl  fueci,  will 
b&Te  the  emergent  mj  puraltet  to  the  iocident  ray.  Parallel  rajs  of 
li^hi  possiDg  througli  plane  gloss  lire  parallel  after  emergence,  and  the 
cmer^Dt  raya  are  parallel  to  the  iDCideot  rays. 

If  the  two  tnifttMi  of  the  tnnepiircDt  mediam  arc  parallel^  it  is  evident,  lhat 
the  ray  of  light  trs.Tercuig  the  mediuui  will  mtkko  eq\t&l  anglua  with  tb«  poTpeQ- 
dieola;  at  hoih  for&Mi.  L«t  /  bti  tbo  angle  cjf  iot^iUonce'r  Ji  tbe  a(  rofrac* 
tkm  *i  liiQ  Irst  HirfvWi  and  also  tbo  iutoroa]  angle  of  incldonce  on  tbti  t&cond 
•nrfMij  liad  f  tbe  atigle  of  emBrgeDc«.  TbcQ,  if  n  fcprcscDta  tbe  indux  of 
nfrwrtioD,  ire  Ahull  hare 


Sitx.  /  —  n  iio.  Ji  —  iln.  E 


Or  the  aDflefl  of  tficidciiG>e  and  enier<g«Defl  are  equal,  and  ibe  incident  rnj  ii 
ptaratltil  to  iht  tmergflot  f»y.  The  lama  i«  tree  for  any  b umber  of  raji ;  booce 
al*o  paniU«I  ioddeiit  raja  wUI,  after  passinf  tbrongb  tbe  gla^B,  «ta«rge  piLtalieL 

Ivet  3d  X,  fig.  342,  he  a  plane  glaBSf  or  any  tacdiam 
bonoded  by  piu-alkl  guitm«t$^  the  ray«  A  B,  A'  B'f  will  be 
t«fracited  towarda  the  pcrpeodiealar,  on  efltering  tbo  modium^ 
md  emerging  at  C,  C^'  tbej  will  be  rerractcd  from  tbe  per- 
pcndicalar,  and  take  tbe  directions,  C  I>,  C  J)',  parallol  to 
other,  aod  parallftl  to  tbeir  diractiout  before  cnteriag 
ib«  nediais.  Tbo  diipla^ement,  A  a,  A'  a\  i»  tlie  lateral 
abcfralion  produced  bj  traaambA^ou  tbraugb  a  bomogeneoqf  taediam  bounded 
bjr  parallel  citrfaeca.  The  amoantor  lat(;ral  aberrntiob  incrrcliaea  with  thv  tbiek-^ 
■jw  of  tbe  modium,  and  it  also  iocrca^ei  with  the  vbtiquUy  of  the  imcideDt  rajt. 

442.  Xilslit  pasaiDg  through  parallel  strata  of  different  media. 
— 1 1  U  fouod  by  osperiraent  that  if  a  ray  of  light  passes  through  a 
series  O'f  plates  of  dett^e  media,  nil  tbe  refracting  surfaces  being  pujallel 
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plants,  that  the  emergent  ray  h  parallel  tn 
the  incideoi  ray.  It  therefore  follow*,  that 
the  direction  of  tbe  ray  in  passing  through 
•oy  one  of  the  plates  h  parallel  to  tbe  couree 
it  wtmld  have  taken  if  it  had  entered  the 
pTal«  dir^*tly,  ur  if  that  plate  had  been  tbe 
ftr»t  in  the  series. 

L*t  P  A  D  C  Q>  fig.  M\  ho  the  courso  of  a  roy 
of  Ugbl  piua'ttie  tbfougb  two  paraUel  itrata  of 
d«n»e  meiJiaj,  tbe  »tcond  medium  being  more  d@ti#e 
Iban  thii  Oral,  aoU  P'  D  K  Q'  tbe  conrte  of  a  tnj  paiiing  ihrougb  tbe  fot'ood 
mediam  ipf  Itboot  cnt«ruig  tbe  flrtt ;  if  P  A  la  parallvl  tn  P^  C  Q  urill  b«  parallel 
to  E  Q.\  and  mln^  B  C  wiit  b*:^  paralld  to  B  E.    Wo  m»f  eoti»id<ti  tbe  t*j  of 
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light  aa  pusing  in  the  opposite  direction,  and  make  n"  the  index  of  refVaetion 
for  the  medium  traversed  hy  the  nj  C  B,  then  sin.  Q  C  p' s  n"  sin.  B  C  ^ 
henee  the  angle  BCp  depends  onlj  on  the  direction  of  the  emergent  ray  C  Q» 
parallel  to  the  incident  ray  P  A,  and  upon  the  index  of  refraction,  u",  of  the 
lower  modiam.  Let  m  A  •«',  n  B  jd  C  p',  be  perpendicular  to  the  refraetiDg 
surfaces  at  A,  B,  and  C,  and  let  n  be  the  absolute  index  of  refraction  for  the 
first  medium,  n"  that  of  the  second  medium,  and  h'  the  index  of  refHu)tion  for 
light  passing  from  the  first  medium  to  the  second : — 

sio.  PAm  sin.  QCp' 

Then,  n  =  i  n"  =  -^-i-  j 

sin.  BAm'  sin.  BCp 

sin.  ABn       sin.  BAm'      sin.  BAm'      sin.  QC»'  n" 

f.t  —    —  .    —    >y  ^ 


sin.  CBu'       sin.  BCp       sin.  PAm  ^  sin.  BCp  n 

Uence:  The  index  of  refradion  for  light  ptusing  from  one  meditim  to 
another i  is  equal  to  the  index  of  refraction  of  the  second  medium  divided 
hy  the  index  of  refraction  of  the  first  medium. 

443.  Pencils  of  light  refracted  at  plane  surfaceB. — ^Whea  a 
pencil  of  light  falls  upon  a  plane  surface  of  any  dense  mediam,  it  is  so 
changed  by  refraction  that  a  diverging  pencil  is  made  to  diTcrgo  from 
a  focus  without  the  medium  more  distant  from  the  dense  medium  than 
before  it  entered  it;  and  a  converging  pencil  is  made  to  converge  to  a 
focus  within  the  dense  medium  more  distant  from  its  surface  than  before. 

Let  Q,  fig.  344,  be  the  focus  of  incident  344 
rays,  and  QA'B  the  ray  which  enters  the 
medium  perpendicularly  to  its  surface,  snflbr-  | 
ing  no  deviation.    Let  Q  P  be  any  oblique 
ray  meeting  the  surface  at  P ;  let  N  P  N'  be 
drawn  perpendicular  to  the  refracting  surface 
at  P,  it  will  also  be  parallel  to  Q  A  B ;  let 
P  R  be  the  refracted  ray  which  being  extended 
backward  meets  the  line  A  Q  at  q'.    The  angle  of  incidence  QPN  =  PQA,  and 
the  angle  of  refraction  RPN'  =  P^'A. 

sin.  QPN      sin.  PQA 


/  II 

p 

V 

1  ' 

A 

Also  the  index  of  refraction,  n 


sin.  BPN'      sin.  Pj'A' 


PA  PA  Po' 

Sin.  PQA  =  —  ;  sin.  Pj'A  =         .-.   «  =  — . 

PQ  ^         Pq'  PQ 

If  the  pencil  is  very  small,  PQ  =  AQ,  and  P7'  =  A9'  nearly,  hence 
Aq'  —  11. A Q.  If  wo  let  AQ  =  «,  and  Aq'  =  u',  then  u'  =  nw,  which  determines 
the  point  9',  from  which  the  pencil  diverges  after  refraction. 

When  the  pencil  is  large,  and  P  is  so  far  from  A  that  we  cannot  consider 
QP  =  QA,  let  t  =  the  angle  of  incidence,  i'  =  angle  of  refraction : — 

«  It' 
We  have  QP  =  •.;  g'P  =   ; 

COS.  »  COS.  t' 

COS.  t' 

And  since  j'P  =  n.QP  .•.  «' =  a.  :«. 
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fi(iu«  lb*  corinft  of  is  £T«»tor  ihua«a»ln«  of  t,  tbia  la^t  Tiin«  of  h'  is  |ff«al«r 
ikM  ««>,  tfakO  Ortt  raJae  |  ihia  Bhowt  lh»t  i  pcbcU  of  ligbt  lafferi  sberriktioii 
ifbea  rttfnot«d  at  &  pimne  SQrf&ce.  The  formula  aIed  shows  tbat  uMa  ifr&aliir 
ikftji  H,,  or  Ibat  the  focut  of  the  peneil  after  refraction  ii  more  dittant  thw  %h« 
fiK*ai  of  the  inviidcat  raja.  If  tli«  |>eDciI  of 
liioitlciie  nj*  converges  to  *  poitit,  witbin 
the  deoio  modium,  as  in  fig.  ^ib,  the  p«iiofl  of 
tfas  nBfimete<d  raji  will  coorerge  to  point  f\ 
EoNsiig  t^e  Iriaaglo  Q  P  9',  eboald  fisd  tbe 
ntaU  a«  bvfort!|  4»r  i^f'  =  n.AQ. 

TliereAjre:  a  pencil  of  light  ij 

ft/rueUd  nt  a  plane  MUrface^  the  focus  of 
tki  tifraeUd  ratfi  is  on  ifie  same  n'de  of  tht  refracting  ^rfacs  as  the 
focui  of  intident  rays,  and  ai  a  dtstance  equal  to  the  distance  of  (he 
focus  of  intidcui  r<if/$  muUiptied  htf  fhc  index  if  refractioti. 

If  tbe  rays  had  b«ea  proceeding  frtmi  the  deuie  medmm  to  a  rarer 
medium,  as  from  g',  fig.  345,  or  towards  q%  fig.  344,  then  the  focus  of 
refracted  ra jb  would  be  ai  Q,  or  nearer  to  the  refractiog  surface  than 
the  focus  of  incident  rays. 

If  th«  rajs  proceed  from  a  dense  to  a  rarer  medium,  and  if  n  Btill 
represent  the  iodex  of  refraction  for  light  entering  the  dense  mediam, 
the  index  of  refraction  for  light  passing  from  the  dene^  to  the  rare 

vediisiii  Trill  be  n'  = 

n 

Tbo  index  of  ref roc  lion  for  light  passing  from  air  into  water  ia  it  =  |» 

and  henc^  ft''  =  -  =  |,  for  light  passing  froni  water  into  lur. 

If  therefore  u  repreaents  the  actual  distance  of  on  object  below  the 
surface  of  water,  and  it*  apparent  distance, =  =  S«,  that  tu, 
the  apparent  distance  below  the  surface  of  the  water  is  only  tbrec-fourtha 
ij>t  the  real  difitano^;  or  water  is  a  third  deeper  tbun  it  appears  to  be. 

erery  point  in  an  object  appears  elevated  one^fotirth  much  as  its 
dlatancQ  below  the  surface  of  the  water^  a  pole  or  cane  thrust  obliquely 
ioto  the  water  appears  bent,  or  broken  (400),  Just  at  the  surface  of  the 
water. 

It  f«>llows  also,  from  the  preceding  coDsideratlons,  that  an  object  im- 
tseraed  in  water,  or  any  other  transparent  dense  fluid,  appeora  larger 
than  when  seen  In  the  air. 

Aa  the  atmoepbere  diminishes  in  dcnaity  rery  rapidly  nbove  the 
garth's  Burfttcef  a  man  upon  the  top  of  a  steeple  or  tower  looks  much 
nnatler  than  wLen  seen  at  nn  equal  distance  on  level  groan d  \  and  an 
olfject  at  the  fm}t  of  the  tower,  will,  for  the  same  reason^  appear  larger 
when  viewed  from  tiie  top  than  if  placed  at  the  top  of  the  tower  and 
Ttewed  from  below. 
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444.  Fenoils  of  light  transmitted  throngh  plane  glass. — Yfhm 

a  pencil  of  light  is  transmitted  through  a  plane  glass,  the  focus  of  thi 
emergent  rays  is  removed  from  the  focus  of  the  incident  rays,  in  iht 
direction  that  the  light  is  moving,  a  distance  equal  to  the  quotieiift 
arising  from  dividing  the  thickness  of  the  glass  by  the  index  of  refrao- 
tion,  and  multiplying  the  quotient  by  the  M6 
index  of  refraction  diminished  by  unity. 

Let  a  pencil  of  light  fall  upon  a  plane 
glass,  iBg.  346,  so  that  Q  A  shall  he  perpen- 
dionlar  to  the  surface  of  the  glass,  and  Q  P 
an  oblique  ray,  Q  A  will  be  transmitted  in  the 
line  QAB  without  deviation,  and  QP  will 
be  refracted  in  the  direction  q'  P  R,  and 
emerge  in  the  direction  7  R,  g  being  the  focus 
of  the  emergent  rays.    Let  Q  A  >=  u,  7'  A  —  u'  B  7  «■  v,  and  A  B  —  C 

By  the  formula  already  demonstrated  (443),  if  the  pencil  is  small  m'  «  nv; 
and  if  the  pencil  had  entered  the  other  side  of  the  plate,  converging  to  q,  we  should 
have. 


Bg'  =  n.Bqi 


t  +  u' 


Hence  v  a  u  -{-     by  which  the  position  of  q  is  determined.    The  displacement 
n 


of  the  focus  Qg  =  BQ 


B,  =  .+  ,-._,(i-i)_"-— ! 


Or  the  rays  diverge,  after  emerging  from  the  glass,  from  a  point  nearer  to  the 
glass  than  the  focus  of  the  incident  rays. 

If  we  suppose  the  rays  to  proceed  in  the  opposite  direction,  we  shall  bare  the 
case  of  a  converging  pencil,  and  the  focus  of  the  rays  after  emergence  will  be 
more  distant  from  the  first  surface  of  the  glass  than  before.  In  both  cases  the 
focus  of  the  rays  is  removed  in  the  same  direction  that  the  light  is  proceeding. 
If  we  take  the  case  of  plate  glass,  for  which  m  =<  |,  the  distance  to  which  the 
focus  is  removed  is  equal  to  ^  the  thickness  of  the  glass. 

III.    REFRACTION  AT  CURYKD  SURFACES. 

445.  Principles  determining  the  foci  of  lenses. — A  double 
convex  lens  may  be  regarded  as  composed  of  a  number  of  segments  of 
prisms,  the  faces  of  each 
prism  more  inclined  as 
Vie  proceed  from  the 
centre  to  the  borders  of 
the  lens,  as  shown  in  fig. 
347.  The  central  por- 
tion, abcdf  may  be  re- 
garded as  a  plane  glass,  having  its  faces,  aCfhdf  parallel,  agfb  has 
its  face,  ag,  inclined  towards /6,  and  the  triangular  prism,  ghf,  has 
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ilt  aidtt  still  more  indiiied.  Now  nmt&  the  devlatlaii  of  %tkj  tftj  psQS- 
bf  tliTougb  Q  priem  inf^raases  as  the  inclmatloa  of  the  two  fnces  of  tlie 
mcreaso#t  *l  will  deviate  more  ih&a  9  and  if  the  f  irm  of  etich 
u  properly  n^djustcd  to  its  distance  from  the  ajEi?,  M  the  r&ya, 
d  #t\  or  any  number  of  r^ys^  ma;  he  made  to  meet  at  a  commaii 
ptnaif  E,  in  the  axis  M  N. 

If  the  eegmeots  of  prisma^  of  trhich  we  suppose  such  a  lens  to  be 
eO0ipOMd|  are  made  sufficienttj  amal],  bo  that  each  face  shall  receive 
ft.  tingle  ray  of  light,  the  eiden  of  the  aui^cessiv-e  prisms  wiJl  form  a 
cuiTfr,  which,  if  the  lena  bo  of  Bmall  diameter^  will  correspond 
•ljno«t  exactly  with  a  segment  of  a  sphere. 

On  aecoiiQt  of  the  great  difEculty  of  grind  in  g  lenaes  with  any  other 
tbmn  spherical  or  plane  eurfaces,  other  forma  are  seldom  employed,  and 
require  no  discussion  in  an  elementary  work, 

446.  Small  pencils  of  light  refracted  at  a  spherical  snrface 
hate  the  position  of  their 
f^jci  changed. 

L*t  PAP',  tg.  34S,  ho  jk 
eonrez  epii«rieal  turfAce  of  fk 
(aedlam,  0  1>ctDi^  tli« 
e«kti-«  of  curmtare  of  ibe 
medlanif  Q  tba  focaa  of 


IIm  ineldwt  nj«,  ud  ^ '  t]i«  focii^r  tfa«  refracted  r^ya.  Let  Q  A  ^ '  tho  ny 
wh\«b  tm«T»  thq  meditiin  iM3rp«tidicQlar  to  Ut  itirf»«e,  itaA  Q  P  mnother  ray  which 
la  rcfrmrUsd  in  P  so  to  mtat  Q  A  coulinned  in  9'.  Draw  O  P  N  porpcndicular 
to  th«  curTfd  furrftfe  lhri>agh  tb«  ccatro  of  cnrTalure  And  point  of  tni'idencc. 

W«  pLiuM  th«D  hare  ther  angle  of  inoidencci  1  =  Q  P  N,  tb«  ftngla  of  refraction 
r         p  0.    Let  P  0  A  =  o,  then  fnjm  the  tdanelc,  Q  0  P,  we  have 
Gia,  1  ;  iiB.  o  ^  Q  0  :  Q  F, 
ISrom  tb«  triaaglii^  9'  0  P,  we  hatt : — 

Sin.  o  :  atn^  t'  ™  ij'  P  :  g'  O. 
eMAip<nis4ing  tbttse  proporli^tDi  we  have 

•io.f  Q0_9'P         SO  g'O 


"qp'^^^'O'        QP  VP 
tlaa  peneil  vf  ray*  Is  wejj  imall,  we  may  confide r  Q  P 


—     A  nearly < 


QA,  and 

Lei  Q  A  ^  «j   '  A  =^  ■%  A  O  —  r,  tbun  the  last  formula 
«'  —  r  it       n  — ►  1  I 

 ^,  whi*h  mttf  be  redocwl  to  -  =  , 

«'  fc'         r  « 

If  w«  vupiHife  Q  to  |}«  iitnatcd  tt  an  ioSDite  distaaee  frooi  A,  thft  iaeideal 
ray»  will  h*  parallel,  and  we  ih$ll  bare  u  =  inilaUj,  and  i-^ 

H  «  1 

hlj  Yilee  of  »'  =/',  tb«  g«ii*r*l  formala  wIUIm  -  =   . 
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Refraction  at  a  oonoave  anrfooe. — ^If  Che  rarftM  gf  th«  dome 
\B  eonoare,  as  shown  in  fig.  349,  let  Q,  as  849 
before,  be  the  focus  of  the  incident  rays,  q* 
the  Tirtnal  foens  of  the  refiraeted  rays,  and  0 
the  centre  of  cvrvatore.  Then  the  angle  of 
incidence  t  =  Q  P  0 ;  the  angle  of  refraction 
r«RPN»9'P0;  let  the  angle  POA»o. 
In  the  triangle  Q  P  0  we  have  :— 

Sin.  t :  sin.  o  =  Q  0  :  Q  P, 
and  from  the  triangle  9'  P  0  we  hare : — 

Sin.  o  :  sin.  i'  =  y '  P  :  q'  0. 
Combining  these  proportions  we  hare : — 
sin.»  _    _Q0  o'P 
sir?-"~QP>^?^'  QP-"V^" 

The  pencil  being  small,  we  may  pnt  Q  A  =  Q  P,  and  9'  A  =  2'  P  nearly,  and 

patting  Q  A  =  «,     A  =  h',  and  0  A  =  r,  we  hare : — 

QO  9'0  u  —  r  u'  —  r 
QA  =  "VX'       — ="•— • 

n      n —  1      1       n  1 

From  this  we  obtain  —  =  h  ~  =  f"   i  ^  which  /'  represents  the 

«         r        u     /'  u 

ralae  ti'  when  u  =  infinity,  or  the  incident  raj^s  are  parallel. 

We  may  take  the  general  formula  for  refraction  at  a  convex  surface 

of  a  dense  medium,  and,  by  applying  proper  yalues  to  the  letters,  deduce 

formulas  for  all  other  cases,  whether  the  medium  be  dense  or  rare,  and 

the  refracting  surface  convex  or  concave. 

„      n—l  1 
In  the  formula  ->  =  , 

we  have  supposed  the  value  of  u  measured  from  the  convex  surface  of 
the  dense  medium,  in  the  direction  A  Q  in  the  rarer  medium.  Calling 
this  direction  positive,  if  the  focus  of  incident  rays  were  taken  in  the 
dense  medium  u  should  be  considered  negative ;  has  been  reckoned 
positive  when  measured  in  the  dense  medium,  therefore  if  it  is  measured 
in  the  rare  medium,  as  in  the  example  of  the  concave  dense  surface,  it 
should  be  reckoned  negative ;  we  also  reckon  r  positive  when  it  lies  in 
the  dense  medium,  and  negative  when  it  lies  in  the  rare  medium. 

Therefore,  to  apply  the  general  formula  for  a  convex  surface  of  a  dense  medium 
to  the  case  where  the  incident  rays  converge  to  a  focus  in  the  dense  medium, 

tt       n—l  1 

we  make  u  negative,  and  the  formula  becomes  —  =  f- 

u'  r 

To  adapt  the  formula  to  the  case  of  diverging  rays  refiracted  at  the  oonoave 
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•pkarioal  nufiMe  of  »  d«iiie  medinm,  we  nuke  r  negAtire,  and  the  formula  beeomea 
a  a— 1  1 

~  D  —  f  which  shows  that «'  is  essentially  negative,  or  that  it  lies 

n  tho  same  side  of  the  refracting  surface  as  the  centre  of  curvature. 

n       « —  1  I 

If  then  we  change  the  sign  of  u*  in  the  formula^  it  becomes  —  =  1 — ^ 

in  which  represents  the  distance  of  the  focus  of  reflracted  rays  measured  in  the 
direction  of  the  rarer  medium.  This  formula  is  the  same  as  was  deduced  from 
ig.  349,  where  the  same  conditions  were  applied  to  the  analysis  of  the  diagram. 

To  apply  the  formula  to  the  ease  of  rays  of  light  proceeding  from  a  dense  to 
a  rarer  medium,  we  have  but  to  let «  and  u'  change  places  in  the  formula,  and 
change  the  sign  of  r.  Making  these  changes  in  the  general  formula  for  a  convex 
surface  of  a  dense  medium,  the  formula  for  diverging  rays  refl-acted  at  a  convex 
•arfSMo  of  a  rare  medium  will  become ; — 

ft  n — 1      11  n      n — 1 

-  =  -,  or  -  =  . 

M  r        u'      u'  II  r 

The  formula  for  diverging  rays,  refracted  at  a  concave  surface  of  a  Taro 

medium  (by  similar  changes),  will  become  i.  =  -  —  ^ — \ 

The  formula  for  converging  rays  issuing  from  a  convex  surface  of  a  dense 
medium,  or,  which  is  the  same  thing,  entering  a  concave  surface  of  a  rare  medium, 
n       a  — 1  1 

will  become  —     —  — ~  7  *  **'  ioam  of  rays  traversing  the  dense 

medium,  and  v  the  focus  of  rays  issuing  from  a  dense  medium  or  entering  a  rare 
medium. 

447.  Action  of  a  doable  convex  lens  npon  small  pencils  of 
lif^t. — Let  P  A  P'  B,  fig.  350,  be  a  double  convex  lens,  of  which  r  is  the  radius 
of  the  first  surface,  and  •  the  350 
radios  of  the  second  surface. 
Let  Q  be  the  focus  of  the  inci- 
dent rays,  q'  the  focus  of  the   

rays  after  refracUon  af  the  «<0> — aI    U.  ^^-^^ 

fint  surface  of  the  lens,  and    '    *  ^ 

q  the  focus  of  the  rays  as  they 
emerge  from  the  second  sur- 
face of  the  lens.   Also,  let  QA  =  u,  Aq'  =  u',B  q  —  r,  and  the  thickness  of 
the  lens  A  B  =  <. 

n       n  — 1  1 

After  refraction  at  the  first  surface,  we  shall  have  (446)  —  =  . 

u'         r  u 

n        n— 1  1 

By  refraction  at  the  second  surface,  we  have  (446)  —  — — -  =  . 

uq'         a  V 

If  the  thickness  of  the  lens  is  so  small  that  when  compared  with  B  q'  it  may  be 
neglected,  we  make  B  q' =:Aq' s=iu'  nearly ;  adding  the  two  preceding  equations ; 

a  — 1      a  — 1      11  1  /I      1\  1 

0  =  +  .     Or-  =(a-l)  (-  +  -)  . 

r  s         m      9  9  *  \r      •  J  u 
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For  pftrallel  raya,  «  =  infinity,  -  =  0,  and  -  =  (»  —  1)  ^-  +  ~  I  • 

Let  /  =  this  Talne  of  v  when  the  incident  rayi  are  parallel^  and  the  gmml 

formula  for  a  donble  convex  lens  becomes  —  =  ^  — 

V      /  u 

If  ( is  small,  bat  not  small  enough  to  be  neglected,  we  shall  hare 
n  ft  n       nt       /n('  \ 

but  as    must  be  very  small  compared  with  u",  the  quantity  contained  in  th* 

brackets  may  be  neglected ;  hence, 

n       nf      n  —  1      1     n       n  —  1  1 

It'  «         v'   u'         r  u 

1  /I      1  \      1  «l 

Adding  and  transposing,  —  =  (n  —  1)  (  — h~l  1 — 7ii 

V  \r       »  y       u  «" 

nt  _t  (n  —  \  ly 

u'*      »  y    r         **  /  * 


1 


lilt  /n  — 1  1  \> 
And  +  -  (  . 


Conclusions  deduced.— Analysis. — 1.  Parallel  rays  of  light  fall- 
ing upon  a  convex  lens,  A  B,  fig.  351,  will  be  refracted  to  some  point, 
as  F,  on  the  other  side  of  .351 

the  lens.    The  distance  of  ^  . 

the  focus,  F,  from  the  lens,  '   

will  depend  upon  the  amount 
of  curvature,  and  also  upon 
the  refractive  power  of  the  substance,  of  which  the  lens  is  composed. 
If  the  two  surfaces  of  the  lens  have  the  same  curvature,  and  the  index 
of  refraction,  as  for  ordinary  glass,  is  one  and  a  half,  the  focus  of 
parallel  rays,  called  the  pvincipal  focus^  will  be  at  a  distance  from  the 
lena  equal  to  the  radius  of  curvature  of  either  surface  of  the  lens. 

1  /I      1\      1  3 

In  the  formula  -  =  (n  —  1)  I  -  H —  |  ,  let  n  =  -,  the  index  of  rcfrao- 

r  yr      t  /      «  2 

tion  Tor  ordinary  glasp,  then  since  tho  incident  rays  arc  supposed  to  be  parallel, 

1 

u  —  oc,  and  -  =  0,  and  if  the  two  surfaces  of  the  lens  have  tho  same  curvature, 


1       1/1  1\ 


r  =  »,  and  tho  formula  becomes  -  =  -  (  1 —  ]  iz.-  —  .•.  »  =  r,  or  P  the 

focus  of  parallel  rays  is  at  a  distance  from  the  lens  eqnal  to  the  radial  of 
curvature. 
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2»  Diterffing  ra*fs. — If  the  raya  falling  upon  tl>e  leoa  come  from  a 
i.  R,  al  ft  difta-Qoe  from  the  lens  equal  to  twice  the  principal  focui, 
will  converge  to  a  point,  S,  at  an  oqual  distance  on  the  other  aide 
of  Ihe  lens. 

It  will  1i«  etimij  MtB  froiD  ng,  3^1,  thtt  th«  insltf,  X  uid  Z,  tre  tqaal  la 
*bek  oUa«T  (bviit^  lb«  altoniale  »aglet  formeil  bjr  tbe  itrDlgfat  line,  R  A,  moellnf 
two  piwalW  Hnw),  and  ali**  Ihat  Uie  an^lei.  X  and  0,  are  equaL  to  tho 
triMi^  A  @  the  iide»,  F  A  and  F  Sf  ar«  cqtial,  licttfiQ  tbfi  ADglofl,  0  and  Y, 
■n  equal,  ^nd  T  eqnab  Z,  Lfaererorc  i[  iho  incident  rnj  h  hexti  iijward  to  a  di^-'^ 
taaet  rept^Miatcd  bj  U}&  *iig;k,  the  refracted  ray  muit  be  bent  outward  kj  co 
■^■■1  aitgler  Y,  bjr  wbicrb  mcanB  the  radiant  point  is  removc'd  from  F,  theprinei- 
fai  foeoi  of  p&raUel  raji,  Ut  S,  nhicb  ii  at  doubla  the  dUtaDce  bt  F, 

Tht  formala  sbowa  the  same  thing.  Making  u  =  2r,  find  p  =  2r. 
If  the  radiatit  poiat  is  takea  more  distant  than     aa  at  V,  fig.  352,  the 

m 

A 


ijagate  focus  will  he  remofed  from  8,  to  iome  point,  T,  between  B 
land  the  principal  fociu* 

The  formula  will  then  give  ^  =  ~  —  ii^2r'*  ^  ^  ^ '  ^^^"^ 

3.  (hnvfrffiHff  raift, — If  raj«  of  light  falling  upon  the  lenst  A  B,  Sg. 
353,  coorerge  towards  a  point,      be-  3^3 

fore  refivction,  thej  will  conyerge, 
an«r  refraction,  towarda  a  poiot,  T, 
between  the  principal  focuF,  F,  and  the 
lens.  ConTcnelj^  if  rajs  of  light 
direrge  from  a  point,  T,  between  the 
leoMi  and  itt  principal  focua,  thej  will  diverge  afler  passing  through 
the  lens,  from  a  rirtual  focu«,  V,  more  distant  than  the  principal  focufi^ 
hx  the  first  case  u  becomes  essentiallj  negatite^  and  with  the  tome 

TtloM      tt,  r,  and  *  the  formula  becomes  -  =5  -  H-     andaa  -  h 

B     r     u  V 

gptater  than^  c  must  be  leaa  than  /  hence  T  lies  between  the  princi- 

pftl  focnt  and  tht  lens. 

4.  PlamHrOnvex  Irnset. — The  action  of  a  plano-ODDrex  lens  ia  tn 
geDeral  the  same  as  that  of  the  doable  cooTei:  leni,  but  its  foci  are  at 
daqbl«  th«  distance,  the  principal  focus  being  at  a  distance  equal  to 
tirio9  ihe  r«ditta  of  the  ourved  ffur&ce. 
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To  adopt  the  formula  to  this  case,  we  make  n  =  |,  and  r  =  oo,  hence 

-  =  —  .   If  the  rays  are  parallel,  -  =  0,  and  »,  or /=  2». 

448.  Action  of  a  doable  oonoave  lens  npon  amall  pencils  of 
light.— Let  P  AF'p'Bp,  fig.  354 
354,  be  a  doable  concave  lens 
of  a  dense  mediam,  r  being  the  <^ 
radius  of  the  first  sarfaoe  and  • 
the  radius  of  the  second  surface. 
Let  Q  be  the  focus  of  the  inci- 
dent rays,  q'  the  focus  of  the  ^/ 
rays  after  refraction  at  the  first 
surface,  and  q  the  focus  of  the 

emergent  rays  p  R,  p'  R'.  Let  Q  A  =  «,  A 5'  =  u',  Bq  =  v,  and  A B  =  I. 
According  to  the  formula  for  refraction  at  a  concaTe  dense  surface  : — 

and  by  the  formula  for  rays  emerging  from  a  concave  dense  surface, 
n  It  — 1  1 

If  the  thickness  of  the  lens  is  so  small  that  when  compared  with  B  q'  it  may 
bo  neglected,  and  that  we  may  consider  B  9'  =  A  9'  =  u',  combining  these  two 

1  /I      1  \      1  111 

equations  we  have  -  =  (  n —  1)  [  -  +  —  |  -I — .    Or,  — =  ,  -f-  — • 
V      ^         ^  \r       •  /      u  V      /   '  u 

If  the  thickness  of  the  lens  is  too  groat  to  be  neglected,  we  find  by  the  same 

1      1      1       «  /  «  \' 

method  as  for  a  convex  lens  —  =-  -1  I  — r-| 

V     /     «      n  \ /  • 

This  formula  for  the  double  concave  lens  may  be  deduced  directly  from  the 
formula  for  the  double  convex  lens,  by  substituting  in  that  formula  for  r  and 
a,  —  r  and  —  b,  and  as  the  value  of  e  would  then  be  negative,  changing  that 
sign  also  when  its  positire  value  is  reckoned  on  the  same  side  as  u. 

ConcluBions  dedaced  from  analysis. — concaye  lens  produces, 
upon  rajs  of  light  transmitted  through  it,  an  355 

effect  the  opposite  of  that  produced  hy  a  con-   

vex  lens.  Zli;;;;;;;;^^^::..:  . . ..^ 

1.  ParoZ/eZrayjof  light,  transmitted  through  1  ~::-^"'t^-^^  ^  ' 
a  double  concave  lens,  diverge  from  a  virtual  —^-^^;;;^ra['  ' 

focus  in  front  of  the  lens,  as  shown  in  fig. 

355  ;  the  virtual  focus  being  at  the  centre  of  the  sphere  of  which  the 
first  surface  forms  a  part.    This  is  its  principal  focus. 

2.  Diverging  rays. — If  the  radiant  point  is  more  distant  than  the  prin- 
cipal focus,  as  at  B,  fig.  35G,  the  virtual  355 
conjugate  focus,  A,  will  be  between  the 
principal  focus,  F,  and  the  surface  of  the 
lens,  and  the  rays  will  diverge  after  re- 
fraction. 

3.  Converging  rags,  transmitted  through  a  concave  lens,  will  be  reu 
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dered  leas  conyergent,  parallel,  or  diyergent,  depending  npon  the 
diatanoe  of  the  point  towards  which  they  converge  before  entering 
the  lens. 

The  above  propoBitiona  are  easily  proved  bj  reference  to  the  formula  for  a 
doable  concave  lent,  —  =  (»  —  1) 

449.  Rules  for  determining  the  foci  of  lenses. — When  lenses 
are  made  of  glass  whose  refractive  index  is  one  and  a  half,  their  foci 
may  be  determined  by  the  following  rules : — 

Bule  for  the  Principal  Foewt. 
Divide  twice  the  product  of  the  radii  by  their  difference,  for  the 
meniscus  and  concavo-convex  lenses,  and  by  their  sum,  for  the  double 
convex  and  double  concave  lenses.  The  quotient  will  give  the  focus  for 
parallel  rays.  The  focus  of  parallel  rays,  or  principal  focus,  of  the 
plano-convex  or  plano-concave  lens,  is  double  the  radius  of  curvature. 

BuU  for  ihe  Conjugaie  Focus,  when  the  Focus  of  (ht  Incident  Bays  is 

given. 

Multiply  the  length  of  the  principal  focus,  with  its  proper  sign,  by 
the  focus  of  the  incident  rays,  and  divide  the  product  by  the  difference 
between  the  principal  focus  and  the  focus  of  incident  rays,  and  the 
quotient  will  be  equal  to  the  conjugate  focus. 

If  the  distance  of  the  focus  of  incident  rays  is  less  than  tbo  principal  focus, 
the  value  of  the  conjugate  focus  will  be  positive,  and  it  will  lie  on  the  same  side 
of  the  lens  as  the  focus  of  incident  rays ;  but  if  the  valuo  of  the  focus  of  inci- 
dent rays  is  greater  than  the  principal  focus,  the  value  of  the  conjugate  focus 
will  be  negative,  and  the  focus  of  refracted  rays  will  lie  on  the  other  side  of  the 
lens. 

450.  Combined  lenses. — If  two  convex  lenses,  A  B,  B  B,  are  placed 
near  together,  as  in  fig.  357,  their  com-  357 

bined  focus  will  be  shorter  than  that "    "  t — 

of  either  lens  used  alone.  I  ^.-^^^^jS^^^^^^^^I 

Let  parallel  rays  be  refracted  by  the  first""  X" 
lens,  A  A,  to  a  focus  at  N ;  represent  the  distance  of  this  point  from  the  first  lens 
by  /',  and  let  the  distance  between  the  lenses  be  represented  by  a,  let /"  repre- 
iont  the  corresponding  focal  length  of  the  second  lens  for  parallel  rays,  and 
/"  the  distance  of  the  focus  L  from  the  second  lens.  In  the  general  formula 
1      1  1 

-  =  ,  considered  with  reference  to  the  second  lens,  m  =  —  (/'  —  a),  and 

V       /  u 

/becomes /",  »  =  /,  and  we  have : — 

11         1  _  /"X  {/'-») 
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If  (he  diiUnoe  between  the  lenNi  is  nothing,  then  for  the  foeui  of  parelld 

/"  X/' 

njB,  /=     ■       *      For  reyi  not  parallel,  the  formnla  will  be:— 


451.  Obliqne  pencils,  when  transmitted  through  lenses,  have  their 
foci  in  secondary  axes,  and  their  foci  are  determined  bj  the  same  mlea 
as  the  foci  of  direct  pencils  in  the  principal  axis. 

It  ha«  been  shown,  in  J  439,  that  a  ray  of  light  transmitted  through  a 
prism  in  a  direction  parallel  to  its  base,  suffers  the  least  deriation  possible; 
hence  in  erery  other  position  the  deviation  is  increased.  From  this  principle  it 
follows  that  the  foci  of  obliqne  pencils  transmitted  throagh  lenses  wUl  be  some- 
what shorter  than  the  foci  of  direct  pencils.  This  fact  requires  consideration  in 
the  formation  of  the  images  of  largo  objects.    (See  §  455.) 

452.  The  optical  centre  of  a  lens  is  a  point  so  situated  that  erery 


ray  of  light  passing  through  it  will 
undergo  equal  and  opposite  refrac< 
tion  on  entering  and  leaving  the 
lens.  It  will,  therefore,  be  found 
where  a  line  joining  the  cxtremi- 
ties  of  two  parallel  radii  of  the 
opposite  surfaces  cuts  the  axis  of 
the  lens. 


Let  S  P  R  Q,  fig.  358,  be  a  ray  of  light  passing  through  a  double  convex  lens, 
so  that  the  radii  0'  P,  0  R,  drawn  from  the  points  of  incidence  and  emergence 
are  parallel.  Let  G  be  the  point  where  this  ray  intersects  the  axis  of  the  lens. 
The  triangles  0'  C  P,  0  C  R,  are  similar,  hence  :— 

0'P:0'C  =  OR:OC; 
O'P  — O'C  :0R  — 6C  =  O'P  :  ORj 

AC  :  BC  =  O'P  :  OR; 
AC  -I-  BC  :  O'P  +  OR  =  AC  :  O'P. 
Putting  0' P  =  r,  0 R  ~  «,  and  AB  =  <. 

A  C  :  1 3=  r  :  r  -|-  •    .-.    A  C  r=  — ^1—,   B  C  =  — — 

If  the  lens  were  double  concave,  r  and  t  both  become  negative,  but  the  values 
of  A  C  and  B  C  remain  unchanged.  Since  these  values  are  both  positive  and 
constant,  whatever  may  be  the  positions  of  the  points  P  and  R,  the  optical 
centre  of  a  double  convex  or  double  concave  lens  will  be  a  fixed  point  in  the 
lens.   For  a  plano-convex  or  plano-concave  lens,  r  =  oo,  A  C  =  f,  BC  =  0. 


When  the  lenses  are  in  contact,  —  =  — i  * 


For  any  number  of  leases 


omcs. 
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fbn  opU««I  ««ata9  Wirt  W  •!  tbo  Intwrto^tlon  of  the  nxb  with  tlte  cnrred  *urfa*fl* 
Pur  A  ni«niw«#,  either  r  or  «  will  be  iieg^atjv«,  and  tUe  foromlnt  AbDW  that  ixk 
thM        lh«  tif>Ucfel  c«Dtr«  will       litnatod  without  iho  \eus  at  a  poiati  deptad- 
tbc  reUUTQ  t-alnei  of  tho  two  radiL 

All  mys  of  light  passing  through  the  optical  centro  emerge  from  the 
leit^  parallel  to  the  incident  rays.  The  position,  form,  atid  foei  of  all 
peaciU  of  light  passitig  through  a  leua  ore  determineii  by  their  rclntlon 
l»  iome  liner  secondary  aiis,  ptiAsing  through  the  optical  ccotre  of 
thtt  I«na,  whether  aoy  ray  of  light  from  the  radiant  point  acta  ally 
pftMCi  throtigh  that  centre  or  not. 

453.  Images  formed  by  lenaeB.— If  m  object  is  placed  before  a 
eonTex  Icna  at  a  greater  distance  than  the  principal  focu.i,  an  Image  of 
tb«  object  will  be  formed  on  the  other  Bide  of  the  lens. 

If  fr«m  ttjfl  extrtmtltes  of  lti«  object  A  B,  fig.  359,  tha  seconilary  axei,  A  0, 
B&i  are  drawn  tbroagb  Ihe  aptieal  ccatro  of  the 
Ivan,  Ibo  im&gi  wil]  lie  fortDcd  betiTHn  tbese 
t&ea  pfoton^ed.  at  *  distance  cqufil  to  the  ooa- 
jdgate  Tkiii  )hn  Ico*.  «;*rioiMcd  separately  for 
cT«ry  p«iut  uf  ihe  otg«<ru  If  tbe  objirctis  placed 
WjoutI  ibe  jirlrietpaJ  fucn%  and  at  leet  tbaii 
twic«  thb  dieiaEicc;>  I  be  image  Will  bo  more  di»taQt  aod  largur  than  tbe  vbjo«t. 
If  the  otgect  recedes  from  the  lenji*  tUe  imag^  will  apprvtifb  iL  When  the 
0l)Jee|  Lj  removed  frutu  ibe  lcn»j,  more  tban  twii^e  the  prmcipoi  focaa,  the  tmtga 
will  b«  Biaaller  tban  th^  object,  and  it  wtU  gmduoJlj  approach  the  Icnp^  and 
dLcainbh  tn  lUe  At  the  objoct  rcce<t«#.  Tbo  ituagt^  cab  never  approach  bearer  to 
tht  lam  Ihftia  tbe  principal  foeoiu  Tbe  Imear  tun^nitudo  ot  the  image  aa  com* 
p«re4  with  ihe  object  will  be  prop«rtiaBal  to  thoir  roipeetlre  diBtaacea  Cram  ihe 

Udr.  aea 

If  thB  obj«>ct  It  plajctd  Dearer  to  the  lena  tban  ibo 
prindpal  focni,  m  A  B,  Pg.  350^  the  rays  will 
dir«rg«  after  pasting  the  hasj  Jtod  »  virtual  imnffff 
will  be  formed  on  the  tante  lidt?  of  the  lena  as 
th*  ^bjoct*  Th«  virtual  image  formed  bj  a  cooireK 
kiie  i*  alwayt  larger  than  tb«  objcrK 

If  an  i^bj^ct,  A  B.        Ml,  i*  placed  before  a  coQcaro  leoj,  tbe  mjs  from 
ffW7  poiai  of  tbt;  objeet  will  dit'urgo  after  refrajetiou  more  ihaa  tb«y  did 
Wffrra  ettterlag  the  leni  i  cuuaeqaetill/  A  rirtitai  301 
^jMft^r,  mailer  than  f  he  otij^vot,  witl  be  fom«d  on 
lb*  PWHe  fido  iif  the  leiii   Tbe  iiie  of  the  Tirt^tal 
la*fe  wUl  b«  in  prop<»rUi.m  to  in  di«taDeo  from 
th»  lout. 

454.  Spbetical  aberration  of  leases.— It  has  been  aasumed  ttutt 
•phcrical  Icii*c3  bring  ntys  of  light  issuing  from  a  point  to  a  B^n^ibld 
focuB.  For  nmny  purposes,  bowevcr,  greater  accurftcy  w  required^ 
Aod  it  beooBM  ii«oe8»ai7  (o  c«Q»ider  the  tmperfectloni  of  spherical 
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If  the  diameter  of  the  lens  Y  W,  fig.  362,  is  large  in  proportion  to  its 
radius  of  curvatore,  rays  of  parallel  light  362 
will  not  be  brought  to  an  accnrate  focus, 
but  while  the  central  rays  cross  the  axis  at 
F,  the  extreme  rays  will  intersect  the  axis 
at  G,  and  intermediate  rays  will  intersect 
the  axis  at  every  possible  point  between 
F  and  G.  The  distance,  F  G,  is  called  the  longUudincU  spherical  dberror 
tion  of  the  lens. 

For  lenses  of  small  aperture,  the  aberration  is  nearly  in  proportion  to  the  square 
of  the  angular  aperture  of  the  lens ;  but  for  lenses  of  larger  aperture,  the  aberra- 
tion increases  more  rapidly  than  would  be  required  by  this  proportion.  If  the 
length  of  the  principal  focus  be  taken  as  unity,  the  longitudinal  aberration  for 
lenses  of  different  angular  apertures  will  be  as  follows : — 
For  15<>  the  aberration  will  be  0*025, 
«  22®  "       **  **   **  0'062, 

u  30©  M       u  u   u  0-150, 

It  450  ((       u  u   tt  0*375. 

This  effect  of  spherical  lenses  causes  images  to  be  formed  at  every  point 
between  F  and  Ot,  the  rays  going  from  each  image,  more  or  less  interfering  with 
the  distinctness  of  all  the  others. 

The  amount  of  spherical  aberration  depends  also  on  the  form  and  position  of 
lenses.    If  n  =  index  of  refVaotion,  r  =  the  radius  of  the  anterior  surface,  and 
R  =  the  radius  of  the  posterior  surface,  then  for  parallel  rays,  the  form  of  least 
aberration  will  be  expressed  by  the  following  equation : — 
r  ^  4-f-ii  — 2b" 
2»»+n  * 

If  n  =  the  form  of  least  aberration  will  be  a  lens  whose  surfaces  have 
their  radii  in  the  proportion  of  1  to  6,  the  side  of  deeper  curvature  being  towards 
parallel  rays.  If  the  spherical  aberration  of  such  a  lens,  in  its  best  position,  is 
taken  as  unity,  the  aberration  of  other  lenses  will  be  as  follows : — 

Plano-convex  with  plane  surface  towards  distant  objects,  4*2. 

Plano-convex  with  convex  surface  towards  distant  objects,  1*081. 

Plano-concave  the  same  as  plano-convex. 

Double  convex  or  double  concave  with  both  faces  of  the  same  curvature,  the 
aberration  will  be  1*567. 

The  spherical  aberration  of  a  convex  lens  is  called  positivCf  and  the 
aberration  of  a  concave  lens  is  called  negative  because  it  is  in  an 
opposite  direction  from  that  produced  by  a  convex  lens. 

Accurate  estimate  of  spherical  aberration.* — To  estimate  with 
accuracy  the  amount  of  spherical  aberration  in  any  given  case,  it  is 
necessary  to  calculate  the  exact  course  of  a  ray  which  falls  upon  the 
border  of  the  lens. 


*  Microscopical  Journal,  Vol.  YIII.  p.  21. 
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Let  A  C,  flf .  863,  be  »  Motion  of  a  enrred  refrmotuif  sorfaeo  in  the  plane  of 
nfnetaon,  QCq  being ita  axis.   The  refractire  index  =  n.   Here  the  diitanoe 
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Q  C  of  the  nwiiant  point  from  the  reHraoting  snrfaoe  ia  given.  Also  C  D  and 
D  A  eo-ordin&tes  of  the  point  A.   Henee,  also  the  normal  A  E  and  iub-normal 
D  B  may  be  fonnd.   Let  A  9  be  the  refracted  ray  required,  cutting  Q  C  f  in 
Now  sin.  ineidenee  is  to  sin.  A  E  C  =  Q  E  :  Q  A. 
Sin.  E  is  to  sin.  reflraction  =  g  A  :  g  E. 

gA  QA 


Bin.  incidence  :  sin.  refraction  =  m  :  1  = 
9  A  ei-QA 


gE  QB 


-~S  =  -  -  =  Cf    (a  known  quantity). 


E 


QE 


g  A«  =  c«.g  E». 


(c»— 1)  gE»  — 2ED.gB«BA* 

,      2  E  D  E  A« 

.*.  gE'  ;  ;.gE 


B»  — 1 


c^—l 


(  E  D  )  «  ED' 


E  D  zb  i/E  D  »  4-  (c» 


(c»  — 1)E  A« 
"lyEA'j. 


From  this  formula  the  accurate  valno  of  g  E  for  any  surface  may  be  calculated. 

455.  Aberration  of  sphericity ;  distortion  of  images. — When  a 
straight  object  is  placed  before  a  lens,  the  extremities  of  the  object  not 
being  in  the  principal  axis,  if  the  images  of  the  extreme  points  are 
formed  in  the  secondary  axes  at  the  same  distance  from  the  optical 
centre  of  the  lens,  as  the  central  portions  of  the  image,  the  image  will 
not  be  straight,  but  formed  on  a  curre,  the  centre  of  which  is  at  the 
optical  centre  of  the  lens,  as  i/,  fig.  364.  But  as  an  object  recedes 
from  the  lens,  the  image  will 
approach  it,  therefore  as  A  and 
B  are  more  distant  from  the 
lens  than  the  centre  of  the 
object,  the  extremities  of  the 
image  must  bo  nearer  than  the 
centre,  and  instead  of  C  we 
shall  bare  the  image  a^^  C  l/^ 
described  aroand  a  centre,  somewhere  between  the  lens  and  the  centn 
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of  the  image.  Oblique  pencils  are  also  more  strongly  refracted  than 
pencils  which  belong  to  the  principal  axis ;  hence  this  caase  must  tend 
to  curve  the  image  still  more.  This  curvature,  or  distortion  of  images, 
Is  called  aberration  of  sphericity.  For  ordinary  purposes  this  imperfec- 
tion of  lenses  may  be  disregarded.  The  practical  method  of  overcoming 
these  difficulties  will  be  best  explained  in  connection  with  the  descrip- 
tion of  achromatic  lenses. 

I  4.  ChromaticB. 

456.  Analysis  of  light. — Spectrom. — Fxlmaiy  colors. — A  beam 
of  sunlight,  S  fig.  365,  admitted  into  a  dark  chamber,  through  a 
small  opening  in  the  shutter,  £,  forms 
a  round  white  spot,  P,  upon  a  screen  or 
any  other  object  upon  which  it  falls. 
If  a  triangular  prism,  B  A  G,  is  inter- 
posed in  its  path,  as  shown  in  the  figure, 
the  light  will  be  refracted  both  on  enter- 
ing and  leaving  the  prism,  but  instead 

of  forming  only  a  circular  white  spot  on 

the  screen,  M  N,  it  will  be  spread  over  ^ 

a  considerable  space  from  S  to  K,  called  the  solar  spectrum,  in  which 
will  be  seen  all  the  colors  of  the  rainbow.  Beginning  with  the  color 
most  refracted,  they  are  violet,  indigo,  blue,  green,  gdloto,  orange,  and 
red. 

If  nn  opening  is  made  in  the  screen  so  as  to  permit  only  the  rays  of 
a  single  color  to  pass,  and  we  attempt  to  analyze  this  color  by  passing 
it  through  a  second  prism,  we  find  it  cannot  be  further  decomposed  by 
refraction ;  hence  the  colors  of  the  solar  spectrum  produced  by  the 
refraction  of  a  triangular  prism  are  generally  called  primary  colors. 

457.  Recomposition  of  white  light. — If  a  second  prism,  A  B  a, 
exactly  similar  to  B  A  C,  is  placed  behind  the  first,  but  in  a  reversed 
position,  as  shown  in  the  figure,  the  differently  colored  rays  will  be  re- 
united and  form  white  light  at  P,  as  though  no  prism  had  been  used. 

Moreover,  if,  instead  of  the  second  prism,  a  double  convex  lens  is  so 
placed  as  to  receive  the  colored  rays  and  converge  them  to  a  focus,  a 
round  spot  of  white  light  will  be  again  formed  in  the  focus  of  the  lens. 

If  colored  powders  are  mixed  in  the  proportions  that  the  several  colors  occupy 
in  the  solar  spectrum,  the  color  of  the  compound  will  be  a  grayish  white.  That 
the  resulting  color  is  not  pure  white  is  probably  owing  to  the  fact  that  we  cannot 
procure  artificial  colors  that  will  accurately  represent  the  colors  of  the  solar 
spectrum. 

458.  Analysis  of  colors  by  absorption. — Although  the  colors  of 
the  prismatic  spectrum  cannot  be  further  divided  by  refraction,  Brewster 
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haa  shown,  that  any  of  the  colors  may  he  still  farther  decomposed  hy 
transmission  through  yariously  colored  glass.  lie  thus  ascertained  that 
red,  ydloWf  and  blue  light  are  found  in  various  proportions  in  all  parts 
of  the  spectrum,  and  that  any  other  color  whatever  may  be  formed  by 
loitable  combinations  of  these  three.  Brewster  and  other  eminent 
philosophers  have  hence  inferred  that  there  are  really  only  three  pri- 
mary  colors,  red,  yellow,  and  blue. 

Dr.  Young  considered  red,  green,  and  violet,  primary  colors.  According  to 
Hersehel,  any  three  colors  of  the  spoctrnm  may  be  taken  as  primary,  and  all 
other  colors  may  be  eomponnded  from  them,  with  the  addition  of  a  certain 
anoont  of  white.  The  distinction  of  colors  into  primary  and  secondary,  should 
therefore  be  considered  to  a  certain  extent  as  arbitrary,  and  as  adopted  princi- 
pally for  convenience  of  illustration. 

459.  Complementary  coIoxb. — Any  two  colors  which  by  their 
union  would  produce  white  light,  are  said  to  be  complementary  to  each 
other.  If  we  take  away  from  the  solar  spectrum  any  color  whatever, 
we  may  reunite  all  the  remaining  colors,  by  means  of  a  double  convex 
lens,  or  by  a  second  prism,  and  the  resulting  color  will  obviously  be 
complementary  to  the  first,  because  it  is  just  what  the  first  wants  to 
make  white  light.    In  this  manner  it  is  found  that, 

Red  is  complementary  to  Green. 

Violet  red       '*         "  Yellowish  green. 

Violet  "         "  Yellow. 

Violet  blue      "         '*  Orange  yellow. 

Blue  "         "  Orange. 

Greenish  blue  "         "  Reddish  orange. 

Black  "         "  White. 

The  subject  of  harmony  and  contrast  of  colors,  will  bo  treated  in  connection 
with  the  phenomena  of  vision. 

400.  Fropertiea  of  the  aolar  apectnim. — In  the  solar  spectrum 
there  are  found  three  distinct  properties  which  exist  in  various  degrees 
of  intensity  in  the  differently  colored  rays.    See  fig.  368. 

(a)  Luminous  rays. — According  to  Ilerschel,  Fraunhofcr,  and  others, 
it  is  found  that  the  maximum  illuminating  power  resides  in  the  yellow 
rays,  and  the  minimum  in  the  violet. 

(6)  Calorific,  or  heating  rays. — The  position  of  greatest  intensity  for 
the  calorific  rays  varies  with  the  nature  of  the  material  of  the  prism 
with  which  the  spectrum  has  been  produced.  In  the  spectrum  pro- 
duced by  a  prism  of  crown  glass,  the  greatest  heating  power  is  found 
in  the  pale  red.  If  a  prism  filled  with  water  is  used,  the  greatest 
heating  power  is  found  connected  with  the  yellow  rays.  If  the  prism 
ia  filled  with  alcohol,  the  greatest  heat  is  connected  with  the  crangt 
SI 
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ydlow.  With  prisms,  formed  of  highly  refracting  gems^  the  mszimam 
heating  power  is  found  beyond  the  red  ray.  Flint  glass  resembles  the 
gems  in  this  respect. 

(c)  Chemical  rays. — In  a  great  variety  of  phenomena,  solar  light  acta 
as  a  chemical  agent.  Under  the  influence  of  solar  light,  plants  decom- 
pose carbonic  acid,  eyolving  pure  oxygen,  and  most  vegetable  colors  are 
destroyed ;  phosphorus  is  changed  to  its  red  or  amorphous  state,  and 
loses  its  power  of  emitting  light ;  chlorine  and  hydrogen  may  be  safely 
mixed  in  the  dark,  but  combine  with  an  explosion  when  exposed  to 
the  sun's  light ;  the  green  color  of  plants  disappears  in  the  dark,  and 
the  nature  of  the  vegetable  juices  is  changed  when  withdrawn  from 
the  chemical  action  of  light ;  and  the  wonderful  phenomena  of  pho- 
tography depend  upon  the  action  of  light  upon  sensitive  chemical 
substances. 

The  maximum  chemical  effect,  produced  by  solar  light,  appears  to 
be  connected  with  the  violet  rays,  or  with  rays  between  the  violet  and 
the  blue.  Some  chemical  effect  is  produced  by  rays  refracted  entirely 
beyond  the  extreme  border  of  the  visible  violet  rays.  The  lavender 
light  of  Ilerschel  results  from  the  concentration  of  the  so-called  invisi- 
ble rays,  beyond  the  border  of  the  violet.  A  large  convex  lens  gathers 
these  otherwise  invisible  rays  into  a  faint  beam  of  lavender  colored 
light. 

461.  Fraanhofer*s  dark  lines  in  the  solar  spectrum. — In  1802, 
Dr.  Wollaston  first  discovered  the  existence  of  dark  lines  in  the  solar 
spectrum,  but  the  discovery  excited  no  special  attention,  and  was 
applied  to  no  practical  purpose. 

Unacquainted  with  "Wollaston's  observations,  the  late  celebrated 
Fraunhofcr,  of  Munich,  rediscovered  the  dark  lines  of  the  spectrum, 
now  distinguished  as  FrautiJiofer's  dark  lines.  Viewing  through  a 
telescope  the  spectrum  formed  from  a  narrow  line  of  solar  light,  by 
the  finest  prisms  of  flint  glass,  he  noticed  that  its  surface  was  crossed 
by  dark  lines  of  various  breadths.  None  of  these  lines  coincide  with 
the  boundaries  of  the  colored  spaces. 

From  the  distinctness  and  ease  with  which  they  may  be  found  and 
identified,  seven  of  these  lines  have  been  distinguished  by  Fraunhofer 
by  the  letters  B,  C,  D,  E,  F,  G,  II.  Numerous  other  lines — varying 
from  COO  to  2000  in  number,  according  to  the  power  of  the  telescope 
with  which  they  are  viewed — have  since  been  counted  in  the  solar 
spectrum. 

To  view  these  linos  with  the  naked  eye,  a  raj  of  sunlight  is  admitted  into  a 
dark  chamber  through  narrow  openings  in  two  screens,  one  placed  behind  the 
other,  as  shown  in  6g.  3G0,  and  is  then  refracted  by  a  prism  of  the  purest  flint 
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gliM  The  lines,  or  lome  of  them,  will  then  be  aeen  on  the  screen.  The  positions 
of  these  Unet  in  the  oolored  spaces  of  the  spectrum  is  perfectly  definite,  bat  their 
36«  367 
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distuoM  from  each  other  vary  with  the  snbstanco  of  which  the  prism  is  formed. 

Proi:  0.  N.  Rood  states  (Am.  Jonr.  Sci.  [2]  XVIL  429),  that  fine  flint  glass 
prisma  are  bj  no  means  indispensable  for  viewing  the  fixed  lines,  as  he  found  no 
prism  among  twelve  in  a  candelabrum  which  did  not  show  several  of  them. 

Fig.  367  shows  the  arrangement  of  the  dark  lines  in  the  spectrum,  formed  by 
prions  of  flint  and  crown  glass,  and  also  by  a  prism  filled  with  water.  These 
daric  lines  answer  the  important  purpose  of  landmarks  for  determining  the 
indices  of  refraction  for  various  substances.  The  exact  limits  of  the  several 
colors  in  the  spectrum  are  not  well  defined,  but  the  dark  lines  establish  definite 
points  from  which  the  practical  optician  estimates  the  refractive  power  of  any 
■sediam,  and  also  the  comparative  refrangibility  of  the  difiierently  colored  rays 
in  which  the  dark  lines  occupy  fixed  positions. 

Lines  in  light  from  different  soarcea. — In  the  spectrum  produced 
by  the  light  of  the  sun,  whether  reflected  by  the  moon  or  planets,  or  from  the 
clouds  or  any  terrestrial  object,  the  position  of  the  dark  lines  is  invariable.  But 
the  light  of  the  stars  difi*ers  from  that  of  the  sun,  and  the  light  of  one  star  dif- 
fers from  other  stars  in  regard  to  the  number  and  position  of  the  dark  lines  in 
the  spectrum.  Electrical  light,  and  the  light  of  flames  produced  by  any  burn- 
ing body  whatever,  give  bright  lines  instead  of  tho  dark  lines  in  the  spectrum 
formed  by  solar  or  stellar  light 

The  relation  of  the  dark  lines  to  the  colors  of  tho  spectrum  is  shown 
in  fig.  3C8.  B  lies  in  the  red  portion  near  the  end;  C  is  farther 
advanced  in  the  red ;  I)  in  the  orange  is  a  strong  double  line  easily 
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recognised ;  E  in  tho  green ;  F  in  the  blue ;  G  in  tho  indigo ;  and  II  in 
the  violet.  Besides  these,  there  arc  also  others  very  remarkable  ;  thus 
&  is  a  triple  line  in  tho  green,  between  E  and  F,  consisting  of  three 
strong  lines,  of  which  two  are  nearer  each  other  than  the  third ;  A  is 
in  the  extreme  border  of  the  red,  and  a  is  a  band  of  delicate  linos 
between  A  and  B. 
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462.  Fixed  lines  in  the  spectra  from  various  colored  flatw^ 

— It  is  well  known  to  chemists  that  characteristic  colors  are  imparted 
to  the  flame  of  alcohol  by  the  salts  of  various  metals.  It  has  been 
lately  observed  that  the  spectra  from  flames  thus  colored  poasMS 
characteristic  fixed  lines.  Thus  the  spectrum  of  a  soda  flame  is  charac- 
terized by  two  bright  lines  in  the  position  of  the  two  dark  lines  at  D  in 
the  solar  spectrum.  Lithium  gives  a  brilliant  red  line  between  B  and 
C,  and  potash  salts  give  bright  lines  corresponding  to  the  dark 
lines  A  a  B  shown  in  fig.  308.  The  spectrum  from  lime  (in  the 
Drummond  light)  gives  at  first  two  bright  lines  like  salts  of  sodium, 
which  however  soon  disappear  as  the  heat  is  continued ;  but  if  an 
alcohol-sodium  flame  is  held  in  the  path  of  the  rays,  two  dark  lines 
assume  the  place  of  the  original  bright  lines  in  this  spectrum,  corres- 
ponding exactly  in  position  to  the  two  dark  lines  D  of  the  solar  spectrum. 

These  variously-colored  flames  held  in  the  path  of  the  rays  producing 
the  solar  spectrum  render  the  dark  lines  more  distinct  although  these 
flames  alone  would  produce  bright  lines. 

From  similar  observations  Kirchofl*  deduces  the  inference  that  the 
sun's  atmosphere  contains  compounds  of  sodium  and  potassium  but  no 
lithium.* 

463.  Intensity  of  luminous,  calorific,  and  chemical  rays. — 

Fig.  368  also  shows  how  the  intensity  of  the  luminous,  calorific,  and 
chemical  rays,  varies  in  different  parts  of  the  spectrum.  The  greatest  , 
illuminating  power  resides  in  the  yellow  part  of  the  spectrum.  The 
heating  power  is  almost  entirely  absent  in  the  violet  and  the  blue,  where 
the  chemical  agency  is  at  its  maximum,  and  it  is  greatest  beyond  the  red, 
and  extends  a  considerable  distance,  where  no  illuniinutin^  ui  chemical 
power  is  ordinarily  manifest.  The  relative  positions  of  the  maximum 
illuminating,  chemical,  and  heating  powers  of  the  solar  spectrum,  vary 
somewhat  with  the  nature  of  the  substance  composing  the  prism  with 
which  the  spectrum  has  been  produced. 

404.  Refraction  and  dispersion  of  the  solar  spectrum. — Elaly- 
chromatics. — If  a  glass  tube,  retort  neck,  drinking  gloss,  or  any 
similar  instrument  of  gloss,  be  held  in  the  path  of  the  colored  rays 
from  0  triongulor  prism  in  a  dark  chamber,  a  beautiful  system  of 
colored  rings  will  bo  formed,  varying  their  form,  position,  and  color, 
with  every  change  in  the  position  or  form  of  the  glass  interposed. 

This  experiment  exhibits,  in  a  surprising  and  agreeable  manner, 
the  wonderful  resources  of  color  contained  in  the  solar  beam.  Lan- 
guage fails  to  express  the  extjuisite  and  wonderful  beauty  of  this 
simple  experiment,  involving  only  the  refraction  and  dispersion  of  the 

*  Monthly  notices  of  the  Berlin  Acadomj,  1869,  p.  662. 
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■okr  spectrum.  Kalyehromaties  (from  the  Greek  for  beautiful  colors) 
has  been  suggested  as  a  vord  to  distinguish  these  phenomena. 

465.  Chromatlo  aberration. — ^When  rays  of  ordinary  white  light 
are  refracted  by  a  lens  of  any  form,  consisting  of  a  single  transparent 
substance  like  gloss,  or  a  transparent  gem,  the  rays  are  each  acted  upon 
as  by  a  prism,  and  dispersed  into  all  the  colors  of  the  solar  spectrum. 

This  effect  is  shown  by  fig.  360,  where  V  is  the  focua  of  the  violet  rajs  which 
are  most  refracted,  and  R  is  the  focus  of  red  369 
rmjs  whieh  are  least  refracted.  A  violet  image 
is  formed  at  V,  and  a  red  image  at  R,  and  as 
th«  other  colon  are  sitaated  between  the  violet 
and  the  red,  all  the  space  between  V  and  R  is 
oeeopied  by  images  of  intermediate  colors. 
If  an  image  of  a  point  or  line  is  formed  at  Y, 
its  eolor  will  be  violet,  bat  it  will  be  surrounded  by  fringes  composed  of  all  the 
oolora  of  the  spectrum,  the  outer  border  of  tbe  fringe  being  red.    This  defect  of 
all  single  lenses,  formed  of  whatever  substance,  is  called  chromatic  aberration. 

466.  Achromatism.^Wo  have  seen,  1461,  fig.  367,  that  the  spec- 
trnrn  formed  by  flint  glass  is  nearly  twice  as  long  as  that  370 
formed  by  crown  glass.  If  therefore  wo  take  a  prism  of 
crown  glass,  A,  fig.  370,  and  another  prism  of  flint  glass, 
B,  having  a  refractive  angle  so  much  smaller  than  the 
refractive  angle  of  A,  that  the  solar  spectrum  formed  by 
it  will  exactly  equal  in  extent  the  spectrum  formed  by 
the  first  prism,  we  may  place  the  two  prisms  in  opposition, 
as  shown  in  the  figure,  and  the  colored  rays  separated  by  transmis- 
sion through  one  prism,  will  be  exactly  reunited  by  the  other.  The 
light  transmitted  through  the  two  prisms,  thus  placed,  will  therefore 
be  of  the  same  color  as  before  transmission.  But  while  the  color  of  the 
transmitted  light  is  unaltered,  its  direction  will  be  changed  by  about 
one-half  the  refractive  power  of  the  prism  A ;  for  while  the  prism,  B, 
has  neutralized  all  the  dispersion  of  color  produced  by  A,  it  has  neu- 
tralized only  about  half  of  its  refractive  power. 

Applying  these  principles  to  lenses,  a  double  convex  lens  of  crown 
glass,  A  A,  fig.  371,  may  be  united  with  a  plano-concave  lens  of  flint 
glass,  B  B,  having  a  focus  about  double  the  focus  of  the  convex  871 
lens.  These  two  lenses  will  act  like  the  prisms  in  the  preceding 
figure.    The  concave  lens  of  flint  glass  will  correct  the  chro- 
matic aberration  of  the  double  convex  lens  of  crown  glass,  and 
leave  about  one-half  of  the  refractive  power  of  the  convex  lens 
as  the  effective  refracting  power  of  the  compound  lens. 

An  achromatic  lens,  formed  of  a  double  convex  lens  of  crown 
glass,  equally  convex  on  both  sides,  joined  with  a  plano-concave  lens 
81  ♦ 
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of  flint  glass,  having  its  concave  side  ground  to  fit  one  side  of  the  double 
convex  lens,  will  have  the  focus  of  a  simple  plano-convex  lens,  with  its 
convexity  equal  to  one  side  of  the  double  convex  lens.  % 

467.  Formulae  for  achromatism. — Let  it  be  required  to  determine 
the  forms  of  two  thin  lenses  composed  of  different  media,  which  will 
together  form  a  compound  lens  free  from  chromatic  aberration.  In 
this  problem  we  will  consider  only  two  colors  of  the  spectrum,  as  red 
and  violet. 

Let  m  and  n  be  the  indices  of  refraction  for  the  mean  ray  in  the  two  media; 
m'  and  n'  the  indices  for  one  of  the  colored  rays,  and  tn"  and  h"  the  refractive 
indices  for  the  other  ray. 

Lot /and/  be  the  mean  focal  lengths  of  the  two  lenses,  of  which  r  and  •  and 
r'  and  are  the  radii  of  the  surfaces.  By  tiie  principles  already  established  we 
ihall  have : — 


1 

Subtracting  the  first  equation  from  the  second, 


0  =  +  7  }  +  (•»"-»')      i^} • 

This  equation  may  be  put  under  the  form, 

m"  —  m'  1      n"  —  n'  1 

0  =  .  -  -\  .  -. 

m  — 1  /  ^   n  — 1  / 

m"  — m'        n"  — n' 

The  coefficients   and  ,  are  called  the  disperifiTe  powers  of  the 

m  —  1  n  —  1 

P  P' 

two  media,  and  may  bo  represented  by  p  and  p',  hence  0  =  y  -\-      and  as  p 

and  p'  arc  either  both  positive  or  both  negative,  under  any  supposition  this  equa- 
tion can  only  be  satisfied  by  making  either  /  or  f  negative,  that  is,  one  of  the 

/  P 

lonscs  must  be  concave.    \7e  shall  then  have;     ^  =  — ,     Or/:/*  =  p  : p'. 

We  therefore  obtain  the  following  conclusions : — 

1st.  An  achromatic  combination  must  be  composed  of  ttoo  or  more 
lenses  formed  of  media  having  different  dispersive  powers. 

2(1.  One  of  the  lenses  must  be  concave  and  the  other  convex. 

3(1.  The  two  lenses  forming  an  achromatic  combination  must  have 
fjcal  lengths  directly  proportional  to  the  dispersive  powers  of  the  media 
of  which  they  are  respectively  composed. 

As  it  was  stated  in  |  454  that  the  spherical  aberration  of  a  concave 
lens  is  the  opiTOsito  of  the  aberration  of  a  convex  lens,  it  is  easy  to  see 
that  the  cumbination  of  such  lenses  as  are  required  to  produce  achro- 
matism will  also  wholly,  or  in  part,  correct  the  spherical  aberration. 
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{5.  ViaioQ, 

lltractiure  of  the  hum  an  eye. — The  human  eye  ia  the  most 
PEA\>f  ail  itptical  instrumcnta.    By  means  of  tliiB  organ,  stimulated 
Cbe  light  reflected  or  refracted  from  esteranl  objects,  wc  recogniE© 
prcecnce,  nearness,  color,  and  form-    Some  knowledge  of  the 
iinicturo  ftod  action  of  the  eje  ia  casential  to  n  proper  understanding 
of  the  tises  of  other  opticAl  instrtiinentB, 

Tb«  eye,  aituftted  in  its  bony  cavity  called  the  orbit,  is  maintalded  in 
ila  |itoattion  hy  the  optic  nerve  and  its  ehenth,  by  musclea  which  aerira 
to  move  U  or  hold  it  steady  in  any  required  positioD,  and  bj  the  delicate 
iD«mbr&ne  culled  the  conjanctiro,  which  covers  ita  anterior  surface  and 
Hoes  the  eyelida.  The  eyelids  serve  to  protect  the  organ  from  external 
injuries,  wad  also  to  Bhat  out  light  which  might  otherwise  be  trouble- 
9iime  or  iujurioas  by  its  excess,  or  too  long-coDtlnuod  action. 

Fig,  S72  shows  tk  horiz(.»ntal  section  of  the  eye,  the  lower  part  of  the 
figure  representing  the  side  of  the  eye  towards  the  nose.  The  globe,  or 
htdl  of  the  eye,  is  nearly  epherical, 
though  the  anterior  portion  is  moro 
convex  than  the  ether  portion b,  as 
fihnwn  in  the  fi^re. 

The  principal  portion b  of  the  eye 
which  require  cnnsideratinDr  are  the  a- 
•clerotic  coat,  the  cornea,  the  choroid  ^■ 
ooftt,  the  retina  and  optic  nerve,  the 
ifii^  the  pupilf  the  crystalline  lens, 
the  aqueous  humor,  ihe  vitreous 
litUKir,  and  the  hyaloid  membrane, 

Th*  iKUrtitit  teutt,  i,  ia  n  itrong  opaqiio  Blructnre,  composed  of  btiodlci  i>f 
•iMiig  mUiUs  fibfUM,  iQUrrlacing  etch.  □tb(;r  in  all  dLr«elions.  This  taemWaoe 
coven  aliout  four-Aflbi  of  the  ejcball,  and  more  than  tiny  oth«r  stroelurer  pervei 
to  pretnrve  thn  j^IoliiiliLr  forta  u(  thv  evo.  It  b&s  n  poBterior  aievo-tiko  t^peaing,  for 
till  OMWiititioo  of  tli«  fibrai  o-f  Ibo  opUc  ncrre,  » ;  aotariorlj,  a,  trattapar^ot 
mmlmiM  ralkd  tbe  eni-n^nt  A,  iJi  0ot  into  a  groove  in  tbe  iclorotio  coftt.  at  a 
walcb  eryitat  ti  >ct  ia  lb«  isiue,  but  Ibeae  two  tamtibnuiet  are  ao  tlrmiy  noitcdl 
Lbat  tbfj  af«  fcparated  only  with  cofifiidcr^ble  <iiJ£«alL^.  Tbe  cortK^a  ij  moro 
rottvcx  than  tbtt  sdurolte  c<ikL 

Tht  rhi^ttfid  cfat,  l\  if  a  itroTtj;  TiMt'olnr  mAmbrana,.  Huing  tbe  fe1i;rotie  coat, 
'  '  r.  .)  Ill',  rri  lly  !  v  n  ijirk  pig^iDcnt,  thv  jtttfmtFuttfm  ntgrHntf  which  pte- 
f*ti  ta  tbe  iatiirnol  parts  of  the  cje. 

i   of  ibo       it  ibo  r#/jp)cff  iw,  wbich  i*  me'Ttly  an 

cxfiattjimu  tt(  thv  ti]ini:  Qt  rvi-,  nnitlng  it  to  the  tram.  It  is  on  tbiv  ilclirrit« 
tiniOK  miMtibrdiio  ilhv  tcttftu)  that  Ibo  lutagoa  of  exL(*rtial  ob^ettU  am  rortticil. 

TKf  iritf  tif  trbkli  furiu«  tbo  colored  part  of  tbe  eye,  ii  a  dark,  aiimilar  curtuin 
ot  «liapb-rti4ft».  a<lki:rvtti  at  i\*  anivt  mmt^KU^  witb  a  otJitml  ofrtblag  wbkb,  m 
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man,  is  circular ;  in  cats  and  the  feline  tribe  generally  it  is  elongated  Tertioally; 
in  the  ox  and  other  ruminating  animals,  in  a  horizontal  direction.  The  central 
opening  of  the  iris,  e,  which  allows  light  to  penetrate  the  eye,  is  called  the  pnpiL 
It  varies  from  one- eighth  to  one-quarter  of  an  inch  in  diameter.  In  a  strong 
light  the  pupil  contracts,  but  where  the  light  is  diminished  it  expands. 

Every  one  knows  the  sensation  produced  by  entering  a  honse  after  spending 
hours  in  the  open  air  exposed  to  the  light  of  the  sun  reflected  from  snow.  In 
this  case  the  pupil  becomes  so  contracted,  and  the  eye  so  accustomed  to  a  strong 
light,  that  objects  within  doors  are  almost  invisible  until  the  pupil  expands  and 
the  eye  recovers  its  sensitiveness  in  ordinary  light.  The  movements  of  the  iris 
are  involuntary. 

The  pupil  of  the  owl  is  so  very  largo  that  it  sees  distinctly  at  night,  while  in 
Uie  day-time  the  pupil  cannot  contract  enough  to  protect  the  eye  from  the  blind- 
ing effect  of  the  solar  rays,  and  hence  the  owl  is  nearly  blind  by  day. 

The  ertfttalline  Una,/,  is  a  transparent  body,  placed  behind  the  iris  and  very 
near  to  it ;  it  is  enveloped  in  a  transparent  membrane  or  capsule,  which  adherea 
by  it3  borders  to  the  ciliary  process,  g.  The  posterior  surface  of  the  crystalline 
lens,  is  more  convex  than  the  anterior.  The  crystalline  lens  is  made  up  of 
serrated  fibres,  arranged  in  layers  which  increase  in  density  from  the  eireom- 
ference  to  the  centre  of  the  lens. 

Aqueont  humor. — The  space  between  the  cornea  and  the  crystalline  lens  is 
filled  with  a  transparent  liquid  called  the  aqueous  humor.  The  iris  divides  this 
space  into  two  chambers,  the  anterior  chamber,  b,  between  the  cornea  and  the  iris, 
and  the  posterior  chamber,  e,  between  the  iris  and  the  crystalline  lens.  Thcso 
two  chambers  communicate  freely  with  each  other  through  the  pupil,  e.  The 
free  edge  of  the  iria  floats  in  the  aqueous  humor. 

Vitreout  humor. — The  posterior  compartment  of  the  eye,  h,  behind  the  crystal- 
lino  lens,  constitutes  by  far  the  larger  part  of  the  internal  cavity  of  this  organ,, 
and  is  filled  with  a  transparent  gelatinous  fluid,  enclosed  in  exceedingly  delicate 
cellular  tissue,  which  is  condensed  externally,  and  forms  a  delicate  hyaloid 
membrane,  everywhere  covering  the  retina  and  the  posterior  surface  of  the 
crystalline  lens.  The  vitreous  humor,  enclosed  in  its  cellular  tissue,  and 
enveloped  by  the  hyaloid  membrane,  is  called  the  vilreoua  body. 

4G9.  Action  of  the  eye  upon  light. — The  eye  may  be  compared 
to  a  dark  chamber,  the  pupil  being  the  opening  to  admit  the  light,  the 
crystalline  lens  being  a  converging  lens  to  collect  the  light,  and  the 
retina  a  screen  upon  which  is  spread  out  the  image  of  external  objects. 
The  effect  is  the  same  as  when  a  double  convex  lens  forms,  at  its  con- 
jugate focus,  an  image  of  any  object  placed  in  the  other  focus. 

Let  A  B,  fig.  373,  be  an  object  placed  before  the  eye,  and  consider  that  rays 
are  emitted  from  any  point,  as  373 
A,  in  all  directions ;  only  tboso 
rays  which  are  directed  towards 
the  pupil  can  penetrate  the  eye, 
or  cuutributo  to  the  phenomena 
of  vision.  The  rays,  on  enter- 
ing the  aqueous  humor,  are 
refracted  towards  the  axis,  0  o,  drawn  through  the  optical  centre  of  the  crystal- 
line lens ;  but  on  entering  the  lens,  which  is  more  dense  than  the  aqnoona 
humor,  they  are  still  further  refracted,  and  undergoing  yet  another  refraction 
on  leaving  the  crystalline  lens,  they  converge  towards  a  point,  a,  whore  they 
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fbra  an  imac*  of  the  point  A.  The  rays  of  light  emitted  from  B  form  ita 
iauge  in  the  point  b,  and  in  the  some  manner  every  part  of  the  object,  A  B,  ia 
delineated  in  the  rery  small  image  o  b,  which  ie  a  real  image,  inverted,  and 
fonned  exactly  npon  the  retina. 

470.  InvexBion  of  the  image  fonned  in  the  eye. — To  prove  that 
the  image  formed  in  the  eye  is  really  inverted,  take  the  eye  of  an  ox, 
eat  away  the  posterior  part  of  the  sclerotic  and  choroid  coats ;  fix  the 
eye  thus  prepared  in  an  opening  in  the  shatter  of  a  dark  chamber,  and 
look  at  it  with  the  aid  of  a  magaifying  glass,  when  external  objects 
will  be  seen  beautifully  delineated  in  an  inverted  position,  on  the  retina 
at  the  posterior  part  of  the  eye. 

Philosophers  and  physiologists  have  proposed  various  theories  to  explain  how 
we  eome  to  perceive  objects  erect,  when  their  images  in  the  eye  are  actually 
inverted.  The  most  rational  of  Uiese  theories  are  the  two  following :  Ist.  That 
w  judge  of  the  relative  position  of  objects,  or  of  different  parts  of  the  same 
o1^}eety  by  the  direction  in  which  the  rays  come  to  the  eye,  the  mind  tracing 
them  back  from  the  eye  towards  Uie  object.  2d.  That  the  image  fonned  on  the 
retina,  gives  correct  ideas  of  the  relation  of  external  objects  to  each  other;  up 
and  down  being,  in  reference  to  impressions  on  the  retina  or  brain,  merely  Uie 
relative  directions  of  the  sky  and  earth ;  and  we  see  all  bodies,  including  onr 
•wn  persons,  occupying  the  same  relations  to  these  fixed  directions  as  our  other 
senses  demonstrate  that  they  really  occupy. 

471.  Optic  axis. — Optio  angle. — The  principal  axis  of  the  eye, 
called  the  optic  axis^  is  its  axis  of  figure,  or  the  right  line  passing 
through  the  eye  in  such  a  position  that  the  eye  is  symmetrical  on  all 
sides  of  it.  In  a  well  formed  eye  this  is  a  right  line,  passing  through 
the  centre  of  the  cornea,  the  centre  of  the  pupil,  and  the  centre  of  the 
crystalline  lens,  as  0  o,  fig.  373.  The  lines  A  a,  B  6,  which  are  sensi- 
bly right  lines,  are  secondary  axes.  Objects  are  seen  most  distinctly 
in  the  principal  optic  axis. 

When  both  eyes  are  directed  towards  the  same  object,  the  angle 
formed  by  lines  drawn  from  the  two  eyes  to  the  object,  is  called  the 
optic  angU,  or  the  binocular  parallax. 

To  appreciate  this  difference  of  direction,  look  at  two  objects  that  are  situated 
in  a  line  with  one  eye,  the  other  being  closed;  then,  without  moving  the  head, 
look  at  the  same  objects  with  tbo  other  eye,  and  the  objects  will  not  both  appear 
in  the  same  line,  but  will  seem  suddenly  to  change  their  positions.  By  such 
experiments  it  will  readily  bo  found  that  some  persons  see  principally  with  the 
right,  and  others  chiefly  with  the  left  eye,  when  both  eyes  are  open.  Others 
will  find  that  a  part  of  the  time  the  direction  of  objects  is  determined  by  one 
eye,  and  part  of  the  time  by  the  other.  374 


formed  between  two  lines  drawn  from  — 
the  eye  to  the  two  extremities  of  an  • 
object,  is  called  the  visual  angle,  as  A  0  B,  fig.  374.    If  the  object  is 
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remoTod  to  twice  the  distance,  the  visual  angle  0  will  be  only 
one-half  as  great  as  A  0  B,  and  the  breadth  of  the  image  formed  on 
the  retina  will  be  proportionally  decreased. 

TKt  apparent  linear  magnitude  of  an  object  is  in  inverse  proportion  to  its 
distance  from  the  eye,  or  in  direct  proportion  to  the  visual  angle.  The  apparent 
auperjieial  magnitude  is  always  the  square  of  the  apparent  linear  magnitade,  and 
is  in  inverse  proportion  to  the  square  of  the  distance. 

473.  The  brightness  of  the  oottlar  image  of  any  object  will  be 
m  direct  proportion  to  the  intensity  of  the  light  emanating  from  each 
point  in  the  object. 

The  amount  of  light  received  by  the  eye  from  any  point  in  the  object, 
or  from  the  entire  object,  will  be  inversely  as  the  square  of  the  distance, 
and  directly  as  the  intensity  of  the  light  from  each  point  (413).  Bat 
the  superficial  magnitude  of  the  image  will  diminish  as  the  square  of 
the  distance  increases :  Hence,  the  apparent  brighiness  of  the  image  wiU 
remain  constant,  whatever  mag  be  the  distance  of  the  object. 

As  tbo  object  recedes  from  the  eye,  the  size  of  the  image  formed  on  the  retina 
dimiDishos,  the  details  of  tbo  various  parts  become  crowded  together,  and  only 
tbo  bolder  outlines  occupy  sufficient  space  to  make  a  sensible  impression,  or  to 
be  clearly  discerned. 

475.  Conditions  of  distinct  vision. — It  may  be  stated  in  general, 
that  two  conditions  are  essential  to  distinct  vision.  Ist.  That  an  object 
should  be  situated  at  such  a  distance  as  to  form  on  the  retina  an  image 
of  some  appreciable  magnitude.  2d.  That  the  object  shall  be  suffi- 
ciently illuminated  to  produce  a  distinct  impression  upon  the  retina. 

The  dietanee  at  which  an  object  can  be  seen  varies  with  the  color  of  the  object, 
and  the  amount  of  illumination.  A  white  object  illuminated  by  the  light  of  Uie 
sun  can  be  seen  at  a  distance  of  17,250  times  its  own  diameter.  A  red  object 
illuminated  by  the  direct  light  of  the  sun  can  be  seen  only  about  half  as  far  as 
though  it  were  white,  and  blue  at  a  distance  somewhat  less.  Objects  illuminated 
by  ordinary  day-light  can  be  seen  only  about  half  as  great  a  distance  as  when 
illuminated  by  the  direct  rays  of  the  sun.  The  smallest  visual  angle  nnder 
which  an  object  can  be  seen  with  the  naked  eye,  is  estimated  at  twelve  seconds. 
All  these  calculations  will  vary  for  different  eyes. 

Persons  having  dark-colored  eyes  can  generally  see  much  farther  than  those 
who  have  light-colored  eyes.  Those  whose  eyes  are  trained  to  view  distant 
objects,  as  sailors  and  surveyors,  will  see  objects  that  are  far  too  distant  to  be 
seen  by  the  eyes  of  inexperienced  persons. 

47G.  Background. — The  distance  at  which  the  outline  of  any  object 
can  be  distinguished,  depends  very  much  upon  the  color  of  adjacent 
objects,  or  of  the  background  on  which  the  object  appears  projected. 
Objects  are  most  distinctly  seen  when  the  color  of  adjacent  objects,  or 
the  background,  presents  a  strong  contrast  to  the  colors  of  the  object 
we  wish  to  see. 
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C«lBTtd  aigualt, — For  signal  flags  used  at  Bea>  the  colors  red,  yellow,  blue,  and 
vii/e  ara  employed,  because  they  are  readily  distinguished,  and  are  easily  seen, 
vith  the  water  or  the  sky  for  a  background.  For  railroad  signals,  the  colors 
fM^  wkittf  and  6/aeA;  are  mostly  used. 

477.  Sufficiency  of  illiunination. — It  is  not  enough  for  distinct 
rUion,  that  a  well-defined  image  of  the  object  shall  bo  formed  on  the 
retina.  This  image  must  be  sufficiently  illuminated  to  affect  the  senses, 
and  at  the  same  time  not  so  intensely  illuminated  as  to  overpower  the 
(ffgan.  An  image  may  be  so  faint  as  to  produce  no  sensation,  or  it  may 
be  ao  intensely  brilliant  as  to  dazzle  the  eye,  destroy  the  distinctness 
of  Tision,  and  produce  absolute  pain. 

When  we  look  at  the  meridian  sun.  Its  light  is  so  brilliant  as  to  overpower 
tha  eye  and  render  it  impossible  even  to  see  distinctly  the  solar  disc,  but  if  a 
fufieient  stratum  of  vapor  or  a  colored  or  smoked  glass  is  interposed,  we  see  a 
weU-deflned  image  of  tho  sun. 

Many  stars  are  so  distant  that  the  rays  which  enter  the  pupil,  when  converged 
to  a  point  on  the  retina,  produce  no  appreciable  sensation,  but  when  the  amount 
of  light  from  the  same  stars  falling  upon  a  large  lens  is  concentrated  upon  the 
retina,  it  produces  sensation,  and  the  stars  become  visible. 

On  passing  from  a  dark  room  to  one  brilliantly  illuminated,  or  on  going 
oat  into  the  open  air  at  night  from  a  well-illuminated  room,  the  sensations 
experienced  are  owing  partly  to  the  contraction  and  expansion  of  the  iris,  as 
explained  in  |  468,  and  also  to  the  fact  that  the  Meiuibilitjf  of  the  retina  is 
diminished  by  long  exposure  to  intense  light,  and  increased  by  remaining  a  long 
time  in  feeble  lights 

478.  Distance  of  distinct  vision. — Although  the  human  eye  is 
capable  of  seeing  objects  at  both  great  and  small  distances,  most  per- 
sons, when  they  wish  to  see  the  minute  structure  of  an  object  clearly, 
instinctively  place  it  at  a  distance  of  from  six  to  ten  inches  from  the 
eye.  This  point,  called  the  limit  of  distinct  vision,  sometimes  varies  for 
the  two  eyes  of  the  same  person.  Persons  who  see  objects  at  very 
short  distances  are  called  near-sighted,  while  those  who  see  objects  dis- 
tinctly only  at  greater  distances,  are  said  to  be  long-sighted. 

479.  Vianal  rays  nearly  parallel. — When  we  consider  that  the 
diameter  of  the  pupil,  when  the  eye  is  adjusted  for  viewing  near  objects, 
is  only  about  one-tenth  of  an  inch,  if  we  take  the  limit  of  distinct  vision 
at  six  inches,  it  will  be  found  that  the  cone  of  rays  entering  the  eye, 
from  any  single  point,  is  included  within  an  angle  of  one  degree.  If 
we  take  the  limit  of  distinct  vision  at  ten  inches,  the  angular  divergence 
of  the  cone  of  rays  entering  the  eye  from  a  single  point  will  be  little 
more  than  half  a  degree.  In  either  case,  therefore,  the  rays  differ  but 
slightly  from  parallel  rays.  For  all  objects  more  remote,  the  rays  may 
properly  be  considered  as  parallel.  Distinct  vision  is  therefore  obtained 
only  by  rays  that  are  sensibly  parallel  or  very  slightly  divergent. 
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480.  Adaptation  of  the  eye  to  different  distances. — ^AlUioagh 
thero  is  a  definite  distance  at  which  minute  objects  are  moat  distinctly 
seen,  the  eye  has  a  wonderful  facility  of  adapting  itself  to  Tiewing 
objects  at  different  distances. 

Let  two  similar  objects  be  placed,  one  three  feet  from  the  eye  and  the  other  at 
a  distance  of  six  feet :  If  the  eye  is  fixed  steadily  upon  the  nearer  object  for  a 
few  moments,  it  will  be  distinctly  seen,  while  the  more  remote  object  will  appear 
indistincti  but  if  the  eye  is  steadily  fixed  upon  the  remote  object,  that  objeet 
will  soon  be  clearly  seen,  and  the  nearer  object  will  appear  indistinct.  We  Uws 
see  that  either  the  converging  power  of  the  eye  is  subject  to  rapid  variation,  or 
that  the  distance  of  the  crystalline  lens  from  the  retina  is  changeable.  The 
means  by  which  the  eye  thus  rapidly  adapts  itself  to  viewing  objects  at  difflweBi 
distances,  have  not  been  satisfactorily  determined. 

481.  Appreciation  of  distance  and  magnitude : — ^Aerial  per- 
spective.— The  appreciation  of  the  distance  and  magnitude  of  objects 
is  entirely  a  matter  of  unconscious  training,  or  education,  and  depends 
upon  a  variety  of  circumstances,  as  the  visual  angle,  optio  angle,  com- 
parison with  familiar  objects,  distinctness,  or  dimness  of  the  image 
caused  by  intervening  air  or  vapor. 

When  the  magnitude  of  an  object  is  known,  as  Uie  height  of  a  man,  a  houM^ 
or  a  tree,  the  visual  angle  under  which  it  is  seen  enables  us  to  appreciate  its  dis- 
tance. If  its  magnitude  is  unknown,  we  judge  of  its  siie  by  comparing  it  with 
other  familiar  objects  situated  at  the  same  distance. 

In  viewing  a  range  of  buildings,  or  a  row  of  trees,  the  visual  angle  decreases 
as  the  distance  increases,  and  the  objects  decrease  in  apparent  size  in  the  same 
proportion,  but  the  habit  of  viewing  the  houses  or  trees,  and  their  known  altitude, 
causes  us  to  correct  the  impression  produced  by  the  visual  angle,  so  that  they  do 
not  appear  to  decrease  in  size  as  fast  as  their  distance  increases. 

Thus,  when  distant  mountains  are  seen  under  a  very  small  visual  angle, 
occupying  but  a  small  space  in  the  field  of  view,  being  accustomed  to  aerial  per- 
spective, we  unconsciously  restore  to  some  extent  their  real  magnitude. 

The  optio  anglo,  or  binocular  parallax,  is  an  essential  element  in  appreciating 
distances.  This  angle  increases  or  diminishes  inversely  as  the  distance;  the 
movement  of  the  eyes  required,  to  cause  the  optio  axes  of  the  two  eyes  to  con- 
verge upon  any  object  which  we  are  viewing,  gives  us  an  idea  of  its  distance. 
It  is  only  by  habit  that  we  appreciate  the  relation  between  the  distance  of  an 
object  and  the  corresponding  movement,  required  to  direct  both  eyes  upon  it 

Perfect  vision  cannot  then  be  obtained  without  two  eyes,  as  it  is  by  the  eom- 
binod  effect  of  the  images  produced  on  the  retinse  of  both  eyes,  and  the  different 
angles  under  which  objects  are  observed,  that  a  judgment  is  formed  respecting 
their  solidity  and  distances. 

A  man  restored  to  sight  by  couching  cannot  tell  the  form  of  a  body  without 
touching  it,  until  his  judgment  has  been  matured  by  experience,  although  a  per- 
fect image  may  bo  formed  on  the  retina  of  each  eye.  A  man  with  only  one  eye 
cannot  readily  distinguish  the  form  of  a  body  which  he  had  never  previously 
seen,  but  quickly  and  unwittingly  moves  his  head  from  side  to  side,  so  that  his 
one  eye  may  alternately  occupy  the  different  positions  of  a  right  and  a  left  eye ; 
and,  if  we  approach  a  candle  with  one  eye  shut,  and  then  attempt  to  snuff  it*  we 
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ikiU  expertonee  more  difflenltj  than  we  might  hare  expected,  becanse  the  ataal 
■ode  of  detenniiiing  the  correct  distance  ia  wanting. 

Infanta  plainly  have  no  notions  of  distances  and  magnitudes  till  taught  by 
•xperianee  and  comparison  of  optical  appearances  with  the  sense  of  touch. 

482.  Single  vision  with  two  eyes. — ^Whcn  both  ejes  are  directed 
to  the  same  object,  images  are  produced  in  both  eyes,  and  the  inquiry 
is  most  natural  why  all  objects  thus  seen  do  not  appear  double  ?  Pass* 
ing  bj  much  learning  bestowed  on  this  subject,  the  simplest  and  most 
lataslactoiy  explanation  of  the  phenomenon  is  deduced  from  the  ana^ 
tomical  structure  of  the  optic  nerves,  and  their  relations  to  each  other, 
and  to  the  brain. 

The  eyes  may  be  compared  to  two  branches  issuing  from  a  single 
root,  of  which  every  minute  portion  bifurcates,  so  as  to  send  a  twig  to 
each  eye.  (MUller.)  The  optic  nerve  from  the  right  lobe  of  the  brain 
sends  a  portion  of  its  fibres  to  each  eye,  and  also  sends  some  branches 
across  and  backward  to  the  left  lobe  of  the  brain.  A  portion  of  the 
optic  nerve  from  the  right  eye,  instead  of  proceeding  to  the  brain,  curves 
around  and  enters  the  optic  nerve  and  the  retina  of  the  left  eye.  In 
the  same  manner  the  optic  nerve  arising  from  the  left  lobe  of  the  brain 
is  connected  with  the  right  eye,  and  sends  branches  also  to  the  left  eye. 

Branches  of  the  same  nerve  fibres  which  go  to  the  external  side  of 
the  retina  of  one  eye,  go  to  the  internal  side  of  the  other  eye. 

It  is  thus  that  a  perfect  sympathy  and  correnpondence  is  established  between 
similar  parts  of  both  eyes.  Hence  whatever  object  is  observed,  if  the  optic  axes 
of  both  eyes  arc  directed  towards  it,  the  image  is  formed  on  corresponding  por- 
tions of  the  retina  in  both  eyes,  and  the  mind  receives  the  impression  of  a  single 
object;  but  the  impression  is  more  vivid  than  if  the  same  object  were  seen  with 
only  one  eye.  So  perfect  is  this  sympathy  between  the  two  eyes,  that  if  one  eye 
only  is  exposed  to  a  strong  light  the  pupils  of  both  eyes  contract.  If  one  eye  is 
diseased  and  protected  from  the  light,  it  suffers  pain  from  light  entering  only 
the  sound  eye. 

483.  Double  vision. — If  both  eyes  are  fixed  steadily  upon  one 
object,  any  other  object  seen  at  the  same  time  will  appear  double. 

Fix  both  eyes  steadily  upon  the  flame  of  a  lamp  or  candle,  and  a  finger  held 
between  the  eyes  and  the  light  will  appear  double. 

Drunken  persons,  or  persons  about  falling  asleep,  often  see  objects  double, 
owing  to  the  inability  to  direct  both  eyes  steadily  upon  the  same  object.  The 
same  phenomena  may  occur  when,  from  any  cause,  the  nerves  which  control  the 
eye  become  diseased. 

484.  Binocular  vision. — A  picture  of  an  object  is  formed  on  the 
retina  of  each  eye  ;  but  although  there  may  be  but  one  object  presented 
to  the  two  eyes,  the  picture  formed  on  the  two  retime  are  not  precisely 
alike,  because  the  object  is  not  observed  from  the  same  point  of  view. 

If  the  right  hand  be  held  at  right  angles  to,  and  at  a  few  inches  f^m  the  fao» 
32 
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the  back  of  the  hand  will  be  seen  when  riewed  by  the  right  eye  only,  and  Hm 
palm  of  the  hand  when  viewed  by  the  left  eye  only ;  hence  the  images  formed 
on  the  retina  of  the  two  eyea  must  differ,  the  one  including  more  of  the  right 
aide,  and  the  other  more  of  the  left  side  of  the  same  solid  or  projeo^g  ol^)eeL 
Again ;  if  we  bend  a  card  so  as  to  represent  a  triangular  roof,  place  it  on  the 
table  with  the  gable  end  towards  the  eyes,  and  look  at  it,  first  with  one  eye  then 
with  the  other,  quickly  and  alternately  opening  and  dosing  one  of  the  eye%  the 
card  will  appear  to  move  from  side  to  side,  because  it  is  seen  by  each  eye  under 
a  different  angle  of  vision.  If  we  look  at  the  card  with  the  left  eye  only,  the 
whole  of  the  left  side  of  the  card  will  be  plainly  seen,  while  the  right  side  will 
be  thrown  into  shadow.  If  we  next  look  at  the  same  card  with  the  right  eye 
only,  the  whole  of  the  right  side  of  the  card  will  be  distinctly  visible,  while  the 
left  side  will  bo  thrown  into  shadow ;  and  thus  two  images  of  the  same  object 
with  differences  of  outline,  light  and  shade,  will  be  formed,  the  one  on  the  retina 
of  the  right  eye  and  the  other  on  the  retina  of  the  left.  These  images  falling  on 
corresponding  parts  of  the  retinae  convey  to  the  mind  the  impression  of  a  ainglo 
object,  while  experience  having  taught  us,  however  nnconacioua  the  mind  maj 
be  of  the  existence  of  two  different  images,  that  the  effect  observed  ia  alwsyt 
produced  by  a  body  which  really  stands  out  or  projects,  the  judgment  naturally 
determines  the  object  to  be  a  projecting  body.* 

485.  Near-sightedness. — Many  persons  are  unable  to  see  minate 
objects  distinctly  unless  they  are  placed  within  three  or  four  inches  of 
the  eye.  Such  persons  are  often  unable  to  see  ordinary  objects  dis* 
tinctly  in  a  large  room  or  across  the  street ;  they  are  therefore  said  to 
be  near-sighted  (478).  This  defect  is  owing  to  a  too  great  convergent 
power,  the  eye  bringing  parallel  or  slightly  divergent  rays  to  a  focus 
before  they  reach  the  retina. 

To  secure  distinct  vision  in  such  cases,  it  is  necessary  to  bring  the  object  ao 
near  the  eye  as  to  render  the  rays  entering  the  eye  considerably  divergent,  when 
the  image  will  be  formed  on  the  retina.  The  same  object  may  be  accomplished 
by  placing  a  concave  lens  before  the  eye,  when  the  rays  from  distant  objects  will 
bo  rendered  divergent,  and  the  strong  convergent  power  of  the  eye  will  form  the 
image  on  the  retina.  Concave  lenses  for  near-sighted  persons  should  be  such 
as  have  a  focus  a  little  longer  than  the  distance  at  which  they  see  objects  moat 
distinctly. 

486.  Long-sightedness  commonly  occurs  in  old  people,  wiien  the 
eye  becomes  flattened  by  diminution  of  its  fluids,  or  some  structural 
change  in  the  crystalline  lens  occurs,  by  which  its  convergent  power  is 
diminished.  In  such  coses  the  rays  of  light  tend  to  form  an  image 
behind  the  retina,  and  vision  is  most  distinct  when  the  object,  as  a 
book  when  reading,  is  held  at  a  considerable  distance  from  the  eyes,  so 
as  to  allow  the  image  to  be  formed  on  the  retina. 

This  defect  of  the  eyea,  when  not  accompanied  by  disease,  may  be  entirely 


*  For  a  discussion  of  this  aubjeet^  aeo  Prof.  W.  B.  Rogera  on  Binocular  Tision, 
Am.  Jour.  ScL  [2]  voL  XX. 
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nnedkd  by  using  eonrez  gUsaei,  which  nutke  np  for  the  diminished  conrerg- 
ing  power  of  the  eyes,  and  bring  the  rays  to  snch  a  condition  that  the  oye  is 
enabled  to  bring  the  light  from  near  objects  to  a  distinct  focus  upon  the  retina. 
In  aneh  eases,  howerer,  the  power  of  accommodating  the  eyo  to  different  dis- 
tances is  often  not  as  great  as  in  younger  persons;  hence  many  people  in 
adraiieed  life  find  it  necessary  to  use  one  set  of  glasses  for  near,  and  another  for 
distant  ol^jeets. 

487.  Duration  of  the  imprMslon  npon  the  retina. — ^Every  one 
knows  that  a  lighted  stick  whirled  rapidly  around  a  circle  appears  like 
a  ring  of  fire.  The  rapidity  of  reTolution  required  to  produce  this 
impression  is  one-third  of  a  second  in  a  dark  room,  and  one-sixth  of  a 
•eoond  by  dajlight. 

When  a  meteor  darts  across  the  heavens,  it  appears  to  leave  a  luminous  track 
khind  it,  beeanse  the  impression  produced  upon  the  retina  remains  after  the 
»>teor  has  passed  a  considerable  distance  on  its  way.  The  sigzag  course  of  the 
lif^taing  appears,  for  Uie  same  reason,  as  a  continuous  track. 

Winking  does  not  interfere  with  distinct  vision,  because  the  continu- 
ance of  the  impression  of  external  objects  on  the  retina  preserves  the 
sense  of  continuous  vision. 

488.  Optical  toys.— Thanmatrope. — A  great  number  of  optical 
toys  and  pyrotechnic  exhibitions  owe  their  effect  to  the  continuance  of 
the  impression  upon  the  retina,  when  the  object  has  changed  its  place. 

If  a  horse  is  painted  on  one  side  of  a  card  and  a  ridor  on  the  other  side,  the 
rapid  revolution  of  the  card  causes  the  rider  to  appear  seated  on  the  horse.  In 
the  same  manner,  if  any  object  which  takes  a  variety  of  positions  in  moving  is 
painted  in  successive  positions,  at  equal  distances  on  a  revolving  wheel,  so 
arranged  that  one  only  of  the  figures  shall  be  seen  at  a  time,  the  object  is  seen 
performing  all  the  motions  of  real  life.  In  this  manner  a  horse  may  be  made  to 
appear  leaping  a  gate,  or  boys  playing  at  leap-frog.  These  toys  are  called 
tkaumatropet  and  anortkotcopet.  Other  toys,  called  phenakittotcopet  and  pAan/ac- 
eop««,  are  variations  of  the  same  thing,  combined  with  mirrors  and  other  ingenious 
arrangements  on  the  same  principle. 

489.  Time  required  to  produce  visual  impresaions. — If  an  object 
moves  with  sufficient  velocity,  it  is  entirely  invisible,  its  image  upon  the 
retina  not  remaining  long  enough  to  produce  any  impression.  This  is 
the  case  with  a  cannon-ball  or  rifle-ball,  viewed  at  right  angles  to  the 
direction  of  its  flight.  But  if  the  projectile  is  going  from  us,  or  coming 
towards  us,  it  preserves  the  same  direction  long  enough  to  produce  an 
impression.  Motions  describing  less  than  one  minute  of  arc  in  a  second 
of  time  are  not  appreciable  to  us.  Hence  we  do  not  see  the  movements 
of  the  hour  hand  of  a  clock,  or  of  the  heavenly  bodies. 

490.  Appreciation  of  colors. — Color  blindness. — The  power  of 
the  eye  to  distinguish  colors,  varves  greatly  in  different  persons.  Some 
eyes  fail  entirely  in  this  particular,  while  in  every  other  respect  they 
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ore  perfect  Sach  eyes  are  said  to  be  color-blind.  Some  confound 
certain  colors,  as  red  and  green,  while  tbey  distingnish  others,  or  while 
they  recognise  all  the  colors  of  the  spectrum,  they  cannot  appredate 
delicate  shades  of  the  same  color. 

Colors  are  greatly  modified  by  proper  contrast  with  other  cdors. 
Thus  the  complementary  colors  mutually  enhance,  while  those  not  com- 
plementary diminish  each  other's  beauty  when  contrasted.  The  sensi- 
bility of  the  eye  is  much  diminished  by  long  inspection  of  any  color, 
and  its  power  of  perceiving  the  complementary  color  is  proportionally 
increased.  This  principle  is  the  key  to  harmony  of  colors  in  nature 
and  art,  and  serves  to  explain  the  modification  of  color  by  contrast*  and 
proximity  of  two  or  more  colors. 

401.  Chevrenl'a  claBsificatlon  of  colon,  and  chromatio  dl«p 
gram.— The  chromatic  diagram  of  Chevreul,  fig.  375,  greatly  facilitate! 

375 


the  study  of  complementary  colors,  and  the  modifications  produced  by 
their  mutual  proximity. 

Three  radii  of  a  circle  represent  Brewster's  three  cardinal  colors,  red,  yellow, 
and  blue ;  between  these  are  placed  orange,  green,  and  violet.  Between  these 
six  colors  are  placed  reddish  orange,  orange  yellow,  yellowish  green,  greenish  blue, 
violet  blue,  and  violet  rod.  We  thus  obtain  twelve  principal  colors,  each  of 
which  may  bo  again  divided  into  five  scales  or  hues,  which  gradually  approach 
the  succeeding  color. 

We  thus  have  the  circamference  of  the  circle,  which  represents  the  prianutiff 
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•peetitim,  dirided  into  sixty  leales  of  pare  colon.  Each  radial  representing  a 
scale  of  colors  is  divided  into  twenty  fone*,  to  represent  the  intensity  of  each 
eolor  in  its  own  sciUe.  The  tone  of  any  color  may  be  lowered  by  the  addition 
of  white,  when  it  will  remain  in  the  same  radius  or  scale,  but  take  a  position  at 
a  lower  tone,  or  nearer  the  centre  of  the  circle.  A  color  modified  by  black,  is 
sailed  a  broken  eolor,  bat  as  the  color  is  deeper,  the  tone  is  carried  towards  the 
eiraimferenee  of  the  circle.  To  represent  the  modifications  produced  by  black, 
Cherrenl  employs  a  movable  quadrant,  not  easily  introduced  in  our  illustration. 

When  two  complementary  colors  are  mixed,  their  combination  produces  white, 
if  the  colors  are  pure.  The  combination  of  two  colors  not  complementary  pro- 
daeea  a  certain  quantity  of  white,  bat  principally  a  color  which  will  be  found 

the  diagram  intermediate  between  the  two  colors,  if  they  are  of  the  same 
tam%  or  nearer  to  the  color  of  deeper  tone,  when  their  tones  or  intensities  are 
dilerent.  The  complementary  color  in  the  diagram  is  found  at  the  opposite 
extfemity  of  the  diameter  of  the  circle. 

This  diagram  thus  explains  the  effect  which  two  colors  produce  upon  each 
•ther  by  their  mutual  proximity. 

When  two  colors  are  placed  near  each  other,  each  color  appear*  modified  o« 
Aougk  mixed  with  a  email  portion  of  the  complement  to  the  color  which  ie  near  it. 

Hxamples. — (a)  Suppose  blue  and  jfellow  to  be  placed  side  hy  side;  at  one 
extremity  of  a  diameter  we  read  yellow,  and  at  the  opposite  riolet,  hence  the  X 
proximity  of  yellow  gives  to  the  blue  a  shade  of  violet,  or  makes  it  approach 
violet  Line.  In  the  same  manner  we  find  orange  complementary  to  blue  ;  hence 
the  blue  gives  a  shade  of  orange  to  the  yellow,  or  makes  it  approach  orange 
fellow. 

(i)  Let  green  and  yellow  be  contiguous,  the  yellow  will  receive  red,  the  com- 
plement of  green,  and  will  become  orange  yellow,  while  the  green  will  receive 
from  the  yellow  its  complementary  violet.  A  part  of  the  yellow  in  the  green 
will  thus  be  nentralizcd,  and  the  green  will  appear  bluer  or  less  yellow,  in  fact, 
greenish  blue. 

492.  The  stady  of  colon  upon  the  principles  here  laid  down  ia 
of  great  importance  to  the  artist  and  manufacturer,  whether  in  repro- 
ducing the  beauties  of  nature,  or  in  architectural  decoration ;  also  in 
weaving,  embroidery,  and  costume. 

The  skillful  salesman  knows  how  to  enhance  the  brilliancy  or  beauty  of  his 
goods  by  artfully  contrasting  the  pieces  which  he  hopes  to  sell  by  others  having 
complementary  colors.  Good  taste  in  dress  never  violates  these  principles, 
regarding  with  care  the  complexion  of  the  wearer  in  contrast  to  the  colors 
selected.  Florid  skins  can  bear  dark  hues  in  dress,  while  delicate  complexions 
are  made  pallid  by  heavy  colors.  A  green  dress  or  wreath  increases  the  freshness 
of  a  rosy  complexion.  A  crimson  dress  and  scarlet  shawl  worn  together  appear 
mataiilly  dull  and  heavy,  while  either,  with  the  contrast  of  an  appropriate  shade 
of  green,  would  be  attractive  and  tasteful.  These  topics  will  be  found  fully  con- 
sidered in  "  Chevreul  on  Colors." 

I  G.  Optical  InstnimentB. 

493.  Magnifying  glaMes. — Single  lenses,  used  for  magnifying 
email  objects,  occupy  an  important  place  in  the  aria.  They  are  used 
by  watch-makers,  jewelers,  engraTers,  and  other  artisans,  whose  labors 
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are  performed  upon  minute  structarea.  These  instmmenta  oecapy  a 
middle  place  between  spectacles  and  the  regular  microscope  composed 
of  a  Tarioty  of  parts. 

A  thorough  knowledge  of  the  uses  and  powers  of  simple  lenses  forms  tibe  bMis 
of  all  calculations  of  the  powers  and  uses  of  more  complex  insbuments,  like 
the  compound  microscope  and  the  telescope. 

The  eye  takes  no  cognisance  of  real  magnitude,  which  it  can  only  estimate  by 
inference,  but  notices  directly  apparent  magnitude,  which  is  determined  in  all 
cases  by  the  risual  angle  under  which  objects  are  seen  (472). 

We  have  seen  (479)  that  it  is  essential  to  distinct  vision  that  the  rays  entering 
the  pupil  from  any  one  point  of  an  object  should  be  parallel,  or  slightly  direr- 
gent,  the  distance  of  most  distinct  vision  being  generally  from  five  to  ten  inohes. 
For  near-sighted  persons,  this  distance  is  as  small,  sometimes,  as  two  or  three 
inches,  and  for  eyes  enfeebled  by  age,  it  extends  from  fifteen  even  to  thir^ 
inches. 

494.  The  magnifying  power  of  a  lens  is  found  with  sufficient 
accuracy  for  ordinary  purposes  by  dividing  the  limit  of  distinct  vision 
(ten  inches)  by  the  distance  of  the  principal  376 
<  focus  of  the  lens. 

Let  A  B,  fig.  376,  be  an  object  placed 
before  a  convex  lens,  so  much  nearer  to  the 
lens  than  the  focus,  F,  that  the  rays,  after 
refraction  by  the  lens,  shall  be  in  that  state 
of  slight  divergence  best  adapted  to  produce  distinct  vision,  that  is, 
diverging  as  though  emanating  from  a  point  at  a  distance  of  ten 
inches  or  the  limit  of  distinct  vision.  Let  a  6  represent  the  virtual 
image,  formed  where  the  refracted  rays  would  meet  if  extended  back- 
ward, then  a  h  will  be  as  much  greater  than  A  B,  as  its  distance  from 
the  lens  is  greater  than  the  distance  of  the  object,  AB,  from  the  lens. 
The  divergence  of  rays  of  light  entering  the  small  opening  of  the 
pupil,  from  a  point  ten  inches  distant,  is  so  small  that  we  may  consider 
them  parallel,  and  then  the  object,  A  B,  will  be  nearly  at  F,  the  prin- 
cipal focus  of  the  lens. 

To  estimate  the  magnifying  power  of  a  lens  more  accurately;  let  the  distance 
of  most  distinct  vision  be  represented  by  e;  with  a  lens  interposed,  the  eye 
sees  a  virtual  image  of  the  object,  therefore,  in  the  formula  for  a  convex  lens,  let 

V  —  —  e,  and  then  —  1  =  ^  1  .*.  u  =  — ,  which  is  the  distance  of  the 

e      /       «  .-f/ 
object  from  the  lens.    If  the  eye  is  placed  close  to  the  lens,  the  magnifying 

t       e       f  t 
power  represented  by  J/  will  be,  3f  =  -  =  — ■ —  =  !-}-_. 

.     «         /  / 
If  the  eye  is  placed  at  a  distance  from  the  lens  represented  by  d,  we  shall  hava 
the  distance  of  the  virtual  image  a  b  from  the  Ions  represented  by  e'      «  —  el, 

e  —  d 

and  the  magnifying  power  will  become,  3f  =  I  -\  . 
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If  the  eye  is  placed  sk  »  distance  firom  the  lens  equal  to  its  principal  focas, 


or,  (f 


/,  then  M=  p  and  in  that  ease  the  magnifying  power  for  different 


^es  rariea  as  the  limit  of  most  distinct  vision. 
If  the  eye  is  placed  at  a  distance  from  the  lens  equal  to  the  distance  at  which 

e  d 

it  sees  objects  most  distinctly,  then  —j-  =s  0,  and  Jf  s  1,  or  the  object  is  not 
magnified  by  the  action  of  the  lens. 

The  superficial  magnify  log  power  is  equal  to  the  square  of  the  linear 
BMgiiifjiiig  power  given  hy  the  rule  stated  above ;  hut  the  linear  mag- 
nifying power  is  alone  commonly  used  in  scientific  treatises. 

495.  The  simple  miorosoope  acts  in  the  same  mannen  ^as  the 
flbgle  lens  or  magnifying  glass.  Instead  of  a  single  lens,  a  doublet  or 
triplet^  acting  as  a  single  lens,  is  often  used.  ^  377 

Raspail'B  dissecting  microscope,  shown  in 
f  g.  377,  is  the  most  complete  simple  microscope.  The 
magnifying  lens,  o,  mounted  in  a  dark  cup,  A,  to 
protect  the  eye  ft-om  extraneous  light,  is  fixed  in  the 
end  of  a  movable  arm  which  can  be  rotated  on  its 
support,  elevated  and  depressed  by  the  milled  head 
E,  or  lengthened  by  turning  the  milled  bead  C. 
Below  the  lens  is  the  stage  B,  which  supports  the 
object  to  be  examined.  The  concave  mirror,  M,  can 
be  so  adjusted  as  to  illuminate  the  object  by  a  con- 
centrated pencil  of  transmitted  light. 

In  using  this  microscope,  the  eye  is  placed  ovcr^ 
the  lens  o,  which  may  be  elevated  or  depressed  till 
the  focus  is  adjusted  to  give  the  most  distinct  view  of  the  object  on  the  stage. 
Opaque  objects  are  illuminated  by  a  bull's  eye  lens. 

By  using  lenses  of  difierent  foci,  magnifying  powers  may  be  obtained  with  this 
instrument,  varying  from  two  to  one  hundred  and  twenty  diameters. 

496.  The  compound  microscope  consists,  essentially,  of  two 
lenses,  so  arranged  that  when  an  object  is  placed 
a  little  beyond  the  principal  focus  of  the  first 
lens,  its  image  may  be  formed  in  the  principal 
focus  of  the  second  lens,  by  which  it  is  viewed 
as  an  object  is  viewed  by  a  common  magnifier. 

The  arrangement  of  the  lenses  in  the  compound 
microscope  is  shown  in  fig.  37B,  and  also  the  position 
of  the  object,  and  the  images  both  real  and  virtual. 

The  object,  c  r,  being  placed  near  the  first  lens,  a  h, 
called  the  object-glass,  an  image,  inverted  and  much 
enlarged,  is  formed  at  R  S,  in  the  focus  of  the  second 
lens,  d  c,  called  the  eye-glass.  By  this  lens,  the  rays 
are  transmitted  slightly  divergent,  and  in  the  exact 
condition  to  produce  distinct  vision  when  viewed  by 
the  eye.  The  rays  transmitted  through  the  eye-glass,  if  traced  backward  to  the 
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distanoe  of  distinct  riaioD,  form  »  yirtaal  imsgv  »t  B'  8',  mnoh  larger  than  ih% 
real  image  R  S,  formed  by  the  action  of  the  first  lens. 

Such  a  componnd  microscope  as  the  one  shown  in  this  fignre,  is  snbjeet  to 
ohromatio  and  spherical  aberration,  and  the  image  viewed  bj  the  eye  is  not 
straight  as  shown  in  the  fignre,  but  carved  so  as  to  appear  convex  towards  th« 
eye.  These  imperfections  are  almost  entirely  corrected  in  the  aekrowuUie  com- 
ponnd microscope  described  in  J  611. 

497.  The  telescope  is  an  instrument  oonstracted  for  viewing  dis- 
tant objects. 

Telescopes  are  of  two  kinds.  Refracting  telescopes  are  constructed 
of  lenses.  Reflecting  telescopes  contain  one  or  more  metallic  reflectors. 

498.  The  telescope  used  by  Oalileo  in  1609,  is  the  oldest  form 
of  which  we  have  any  definite  description.  The  Galilean  telescope 
consists  of  a  conyex  lens,  of  long  focas,  and  a  concave  lens  of  short 
focus  placed  at  a  distance  apart,  equal  to  the  difilerence  of  their  princi- 
pal foci.  The  light  from  distant  objects  collected  by  the  large  sarface 
of  the  convex  field-lens,  is  brought  to  such  a  state  of  divergence  by  the 
concave  eye-lens  as  to  produce  distinct  vision  in  the  eye. 

The  magnifying  power  of  the  Gralilean  telescope  is  found  by  dividing 
the  principal  focus  of  the  convex  lens  by  the  principal  focus  of  the  con- 
cave lens. 

The  convex  lens,  M  N,  fig.  379,  tends  to  form  an  image  of  a  distant  object, 
AB,  very  near  its  principal  focus,  as  at  a  6.   The  concave  lens,  EP,  being 

379 


placed  between  the  convex  lens  and  the  imago,  a  b,  renders  the  rays  which  were 
converging  to  a,  slightly  divergent,  as  though  emanating  from  a  point,  o',  at 
the  distance  of  distinct  vision,  about  ten  inches.  The  same  effect  is  produced 
on  the  rays  converging  to  b.  The  direction  of  the  obliqne  pencils  is  changed, 
and  the  extremities  of  the  image  appear  in  the  secondary  axis  a  0'  a',  and  b  0'  6', 
drawn  from  a  and  b  through  0',  the  optical  centre  of  the  lens  E  F.  It  is  espe- 
cially to  be  noticed,  that  while  the  rays  from  any  one  point  in  the  object  are 
rendered  parallel,  or  slightly  divergent,  by  the  concave  lens,  the  pencils  from  the 
extreme  points  converge  at  0'  much  more  than  at  0,  making  the  visual  angle 
a'  0'  b',  under  which  the  object  is  seen  by  the  telescope,  much  greater  than  the 
visual  angle  a  Ob,  under  which  the  object  would  appear  without  the  telescope. 

Since  the  angle  A  0  B  is  equal  to  a  0  b,  and  a'  0'  b'  is  equal  to  aO'  b,  the 
visual  angle  a'  0'  b'  is  to  tho  angle  A  0  B  as  0  F  is  to  0'  F,  and  the  image  a'  b' 
appears  as  much  greater  than  the  object  as  the  focal  length  0  F  of  the  convex 
lens  exceeds  the  focal  length  0'  F,  of  the  concave  lens. 
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Tbe  opexm-glau  consists  generally  of  two  Galilean  telescopes,  placed 
near  together,  to  allow  of  distinct  Tision  by  both  eyes. 

Night-glaues,  used  by  seamen,  are  constructed  like  large  opera- 
glasses.  They  senre  to  concentrate  a  large  amount  of  light  in  such  a 
condition  as  to  allow  of  distinct  vision,  and  thus  enable  the  eye  to  see 
objects  distinctly  in  the  night.   They  have  a  low  magnifying  power. 

With  the  Galilean  telescope  in  all  it«  forms  the  object  appears  erect 

499.  The  aatronomioal  telescope  may  be  constructed  with  a 
eonTex  lens  placed  beyond  the  image  formed  by  the  field-lens.  The 
second  lens  then  magnifies  the  image  formed  by  the  first  lens.  The 
object  appears  inverted,  but  this  occasions  very  little  inconvenience  in 
astronomical  observations. 

500.  Sye-piecea  are  certain  combinations  of  lenses  used  in  both 
ielesoopes  and  microscopes  to  magnify  the  image  formed  by  the  lens 
nearest  to  the  object  They  have  less  spherical  and  chromatic  aberration 
than  a  single  lens,  and  also  enable  the  eye  to  take  in  a  larger  extent 
of  the  object  to  be  examined  than  could  otherwise  be  seen. 

The  positive  eye-piece,  invented  by  Romsdon,  consists  of  two 
plano-convex  lenses,  with  their  convex  surfaces  turned  towards  each 
other,  and  placed  at  such  a  distance  that  the  object  or  image  to  be 
viewed  by  it  is  seen  distinctly  when  brought  very  nearly  in  contact 
with  the  first  lens.  To  secure  this  result,  the  distance  between  the 
lenses  must  be  a  very  little  less  than  one-half  the  sum  of  their  focal 
lengths  for  parallel  rays.  The  spherical  aberration  produced  by  this 
eye-piece  is  only  about  one-fourth  as  much  as  if  a  single  lens  were  used. 
The  chromatic  aberration  also  is  less  than  with  a  single  leos. 

Let  F  F,  fig.  380,  be  the  field-lens,  and  E  E  the  eje-lena  of  the  positive  eye- 
piece. Let  IN  n  be  an  image  formed  hy  the  3S0 
objeet-glass  either  of  a  telescope  or  a  micro- 
scope, then  each  ray  from  the  image  ou 
passing  the  lens  F  F  becomes  colored,  c»,bv, 
representing  the  violet  rays,  and  e  r,  b  r, 
representing  tbe  red  rays.  Tbe  red  rays, 
which  are  least  refracted  by  the  first  lens, 
fall  near  the  borders  of  the  second  Ions,  where  the  refractive  power  is  greater 
than  where  the  more  refrangible  violet  rays  fall  ;  *honce  the  second  lens  tends  to 
correot  the  chromatic  dispersion  of  the  first,  and  the  violet  and  red  rays  enter 
the  eye  very  nearly  as  thongh  emanating  from  a  common  point.  This  is  an 
important  excellence  of  the  positive  eye-piece ;  but  a  yet  more  important  advan* 
tage  of  this  eye-piece  is,  that  the  image  is  less  distorted  than  when  only  a  single 
lens  is  used. 

The  negative  eye-piece,  which  was  invented  by  Huyghens,  con- 
sists generally  of  two  plano-convex  lenses,  having  the  convex  surfaces 
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of  both  turned  towards  the  object-glftss.  The  two  lenses  are  placed  at 
a  distance  from  each  other  equal  to  one-half  the  sum  of  their  focal 
lengths.  The  image  is  formed  between  the  lenses.  This  arrangement 
considerably  enlarges  the  field  of  view,  and  diminishes  the  spherical 
aberration;  the  chromatic  aberration  is  also  less,  and  it  is  more 
equalized  in  all  parts  of  the  field  than  in  other  eye-pieces. 

In  the  most  perfect  fonn  of  the  negatiTo  eye-piece,  according  to  Prof.  Airy, 
the  flrsti  or  field  lens,  is  a  meniscus  whose  radii  are  as  fonr  to  eleren,  with  the 
conrez  side  toward  the  object,  and  an  eye-lens  having  the  form  of  least  apherieal 
aberration  (454),  with  the  more  convex  side  towards  the  object 

The  focal  lengths  of  the  field  and  eye  lenses  should  be  to  each  other  as  3  to  I, 
and  their  distance  apart  equal  to  one-half  the  sum  of  their  focal  lengths. 

In  eye-pieces  designed  for  the  microscope,  instead  of  estimating  the  principal 
focal  length  of  the  field-lens,  we  must  take  its  coiijngate  focns  when  the  object 
is  placed  in  the  position  of  the  object-glass  of  the  microscope. 

The  action  of  the  negative  eye-piece  will  be  more  fully  explained  in  eonneetioQ 
with  the  compound  achromatic  microscope  (511). 

The  terrestrial  eye-pieoe  consists  of  four  lenses,  two  of  tbem  being 
added  solely  to  produce  an  erect  image. 
Fig.  381  shows  a  section  of  the  common  •py-glcut  or  terre$trial  teUaoop*,  with 

381 


the  erecting  eye-piece.  The  several  tubes  which  shut  one  within  another,  allow 
the  instrument  to  bo  reduced  to  a  convenient  length  when  not  in  use. 

501.  Reflecting  telescopes  are  extensively  used  for  astronomical 
observations.  A  variety  of  forms  have  been  invented  by  different 
observers,  but  in  all  a  metallic  speculum  is  employed  to  form  an  image 
of  distant  objects,  and  an  eye-pioce  is  used  to  magnify  the  image. 

502.  Sir  William  Herachers  telescope,  shown  in  fig.  382,  con- 


s'lsts  of  a  speculum,  S  S,  set  in  a  tube  somewhat  larger  than  the  diameter 
of  the  speculum,  and  an  eye-piece,  e/,  placed  at  one  side  of  the  open 
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•nd  of  the  tube.  The  axis  of  the  dpeculam,  represented  bj  the  dotted 
line  a  N,  is  80  indinod  that  parallel  rays,  falling  on  every  part  of  the 
speciilani,  will  be  reflected,  converging  to  the  side  of  the  tabe  where 
the  eye-piece  is  placed  to  receive  them.  The  size  of  the  tube,  and  the 
inclination  of  the  axis  of  the  speculum,  is  so  adjusted  that  the  eye  of 
the  observer  may  be  placed  at  £  without  intercepting  any  part  of  the 
light  which  can  fall  upon  the  speculum  in  such  a  direction  as  to  be 
reflected  to  the  eye-piece. 

Sir  William  Herschera  great  teleaeope  bad  a  ipeoulnm  four  feet  in  diameter, 
tbree  and  a  half  inches  thick,  weighing  two  thouiand  one  hundred  and  eighteen 
pounds.  Its  focal  length  was  forty  feet,  and  it  was  set  in  a  sheet-iron  tabe 
thirty-nine  and  a  half  feet  long,  and  four  feet  ten  inches  in  diameter.  When 
directed  to  the  fixed  stars  it  wonld  bear  a  magnifying  power  of  six  thousand 
fottr  hundred  and  fifty  diameters. 

This  Is  called  the  front  view  telescope,  because  the  obsorrer  sits  with  his  back 
to  the  object  and  looks  into  the  front  end  of  the  telescope. 

503.  Lord  Rosse's  telescope. — By  far  the  largest  reflecting  tele- 
scope ever  constructed  was  made  by  the  Earl  of  Rosse.  It  was  com- 
menced in  1842,  and  was  so  far  completed  as  to  be  used  for  the  first 
time  in  February,  1845. 

The  great  speculum  is  six  feet  in  diameter,  has  a  focal  length  of 
fifty-four  feet,  and  weighs  four  tons.  An  additional  speculum  to  be 
used  in  the  same  instrument  weighs  three  and  a  half  tons.  The  tube 
is  of  wood,  hooped  with  iron,  seven  feet  in  diameter,  and  fifty-two  feet 
in  length. 

This  telescope  has  fittings  to  mount  the  eye-pieces  either  for  front  view,  as  in 
Herschel's  telescope,  or  at  the  side,  as  in  the  Newtonian  form  :  for  this  purpose  a 
small  speculum  is  placed  at  an  angle  of  ib'',  reflecting  the  rays  at  a  right  angle 
through  an  orifice  in  the  side  of  the  tube,  where  the  eye-piece  is  placed. 

The  base  of  the  instrument  is  supported  upon  a  universal  joint ;  and  by  chains 
and  windlasses  this  mammoth  telescope  is  moved  with  ease,  between  two  lofty 
walls  supporting  movable  galleries,  which  enable  the  observer  to  follow  the 
instrument  in  any  required  position. 

The  amount  of  light  on  any  surface  being  as  the  square  of  the  diameter,  if  w« 
reckon  the  pupil  of  the  human  eye  at  one-tenth  of  an  inch  in  diameter,  this 
telescope  will  be  seven  hundred  and  twenty  times  as  broad  as  the  pupil,  or  have 
an  area  five  hundred  and  eighteen  thousand  and  four  hundred  times  as  great  as 
the  unaided  eye.  If  one-half  the  light  is  lost  by  reflection  from  the  mirror,  we 
shall  still  have  two  hundred  and  fifty  thousand  times  as  much  light  as  commonly 
enters  the  eye.  We  need  not  wonder  therefore  at  the  marvellous  power  with 
which  this  instrument  penetrates  the  remoter  regions  of  celestial  space. 

504.  Achromatic  telescopes. — The  principle  of  achromatism  has 
been  briefly  explained  in  |  4C6,  where  it  has  been  shown  that  a  convex 
lens  of  crown  glass  may  be  combined  with  a  concave  lens  of  longer 
focus,  made  of  flint  glass,  which  has  a  higher  refractive  and  dispersive 
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power,  the  combinaUon  prodaciog  refraction  withoat  dispersion,  and 
oonseqaently  forming  an  image  free  from  the  primary  prismatic  colors. 

The  eonunon  form  of  aehrom»tio  eomponnd  lens  is  a  pUno-«oneay«  Iras  of 
flint  glau,  united  with  a  double  convex  lens  of  crown  glass.  Such  lenses  are 
found  in  opera-glasses  and  spy-glasses,  called  achromAtie,  used  both  on  land  and 
at  sea.  This  form  of  lens  is  also  often  employed  in  the  smaller  astronomical 
telescopes.  But  in  such  glasses  a  certain  amount  of  spherical  aberration  remains 
uncorrected. 

To  secure  perfect  correction  of  spherical  and  chromatic  aberration  at  the  same 
time,  a  double  concave  lens  of  flint  glass  has  been  placed  between  two  double 
convex  lenses  of  crown  glass,  the  curved  surfaces  of  the  several  lenses  being 
carefully  estimated  in  view  of  the  refiaetive  and  dispersive  powers  of  the  two 
kinds  of  glass  employed. 

The  refractive  and  dispersive  powers  of  glass  are  so  variable,  that  the  optieiaa 
is  obliged  to  determine  them  anew  for  every  new  specimen  of  glass,  and  estimate 
again,  by  the  formulsB  already  given,  the  proportional  curvatures  of  the  lenses 
to  be  constructed  from  iL 

Sir  John  Herschel  found  that  an  achromatic  object-glass  of  the  form 
shown  in  fig.  383,  will  be  nearly  free  from  spherical  aberration,  if  the 
exterior  surface  of  the  crown  lens  is  6*72,  and  the  exterior  snr-  333 
face  of  the  flint  lens  14*20,  the  focal  length  of  the  combination 
being  10  00 ;  and  the  interior  surfaces  of  the  two  lenses  being 
computed  from  these  data  to  destroy  the  chromatic  aberraUon 
by  making  the  focal  lengths  of  the  two  glasses  in  the  direct 
ratio  of  their  dispersive  powers  (467).  The  two  interior  surfaces 
that  come  in  contact  may  be  cemented  together  if  the  lenses  are 
small. 

Until  quite  recently,  almost  insuperable  obstacles  interfered  with  the  manu- 
facture of  flint  glass  in  large  pieces  of  uniform  density,  free  from  veins  and 
imperfections. 

In  1828,  an  achromatic  lens  fourteen  inches  in  diameter  was  considered  a  true 
marvel  of  optical  art.  The  object-glass  in  the  great  achromatic  refracting  tele- 
scope at  Cambridge,  Mass.  (one  of  the  largest  in  use),  is  about  sixteen  inches  in 
diameter,  with  a  clear  aperture  of  fifteen  inches,  and  it  cost,  unmounted,  about 
$15,000.  Mr.  Bontemps,  a  French  artist,  employed  in  the  glass  works  of  Messrs. 
Chance,  Brothers  A  Co.,  Birmingham,  Eng.,  has  succeeded  in  producing  a  disk 
of  flint  glass  twenty-nine  inches  in  diameter,  two  and  a  half  inches  thick,  weigh- 
ing two  hundred  pounds,  and  pronounced  by  the  most  skillful  opticians  very 
nearly  faultless. 

505.  Equatorial  moantinga  for  teleacopea. — With  telescopes  of 
great  power,  the  diurnal  motion  of  the  earth  causes  a  celestial  object  to 
pass  out  of  the  field  of  view  too  rapidly  to  allow  of  satisfactory  observa- 
tion. To  obviate  this  difficulty,  a  system  of  machinery  called  an 
equatorial  mounting,  has  been  devised,  to  give  to  the  telescope  such  a 
uniform  motion  as  to  keep  any  celestial  object  constantly  in  the  field 
of  view. 
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An  A&b  &rm\f  eupjiortail  i«  placed  parAlltl  tUo  lab  of  ihe  e«rtfa,  luid  ii 
««iimk]  tn  nrolnt  hy  ct^ck-frork  miib  a  tnntinti  ex&ftljr  cnqual  to  tbe  n^dcreiit 
mMLiun  <jf  tliv  b««vi!n4.  A  BD^Htji  il  nxis,  rusi  wUIcli  ibe  telescope  la  mouiirct], 
M  tx««l  itpoii  the  flrit  Anis,  aihJ  m  rli^'Lt  ikn^loj  with  iL  Tbo  tdeieopo  cim 
bt  «l«r«l*r|  rti-  tic-ttrc:<»(<H  iit  dcclmnti'i'in  tijf  tuolioii  of  the  aecoad  axis,  and  it 

murvl  iid  rijrliL  airvrii<ioti  Uj  mcj'fitfTi  wn  the  first  aitie.  WbcD  the  teleacwpo 
bit  b««a  ihdi  directed  lu  unjr  ovlutiiut  otjc!>ct,  it  may  bo  diim|ii;d  on  hnih  Axci, 
aad  Iha  motrrmi'ul  of  tlic  rlock-work  will  causa  it  to  follow  tbc  motioa  of  tba 
object  ia  ihv  hi'ftvcti*. 

5%.  Tbe  Cambridge  te  lea  cope  with  equatorial  mottntluga  Ia 
Altdvrn  111  lit;.  384, 

II  9l«Liidi  00  »  g:ruiiUe  pkr  Bitrmunnfctt  lij  a  t<mg1e  Ifloek  of  gmnite  ten  r(»et 
kl  Iwiglit,^  to  whkb  tbc  metallic  fa«d-plalD  of  the  Iclcsoo^  ii  locured  by  boLU 


Md  sertwi.   It  Is  covered  hj  a.  Jomo  moving  OQ  a  eirenl&r  rKilwa^i  wbieh  U 
iTMily  rtitftted  lo  u  to  jUto^r  ibe  greit  tel6fcop«,  twcnty-tbrw  ft^et  iu  ten^b,  Id 
b*  direcl«4  to  a»j  p&rt  O'f  tbe  bear ^np.    A  aarrow  wiDduvf »  closed  by  tliuttara 
1*A 
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moved  by  chains,  is  opened  when  the  telescope  is  in  nse.  The  hour  eirde 
attached  to  the  equatorial  axis  is  eighteen  inches  in  diameter,  divided  on  silver, 
and  reads  by  two  verniers  to  one  second  of  time.  The  declination  circle  is 
twenty-six  inches  in  diameter,  divided  on  silver,  and  reads  by  four  verniers  to 
fonr  seconds  of  arc. 

The  movable  portion  of  the  telescope  and  machinery  is  estimated  to  weigh 
about  three  tons,  but  it  is  so  perfectly  counterpoised  and  adjusted  that  the 
observer  can  direct  the  instrument  to  any  part  of  the  heavens  by  a  very  slight 
pressure  of  the  hand  upon  the  balance  rods.  This  great  achromatie  telescope 
has  eighteen  different  eye-pieces,  giving  to  the  instrument  magnifying  powers 
varying  from  103  to  2000  diameters. 

507.  The  visual  power  of  telescopes,  or  the  aid  which  they  afford 
in  viewing  distant  objects,  depends  npon  the  combined  effects  of 
increased  light  and  magnifying  power. 

Sir  William  Uerschel  relates  that,  on  a  certain  occasion,  when  on 
account  of  the  darkness  a  distant  steeple  was  invisible,  a  telescope 
showed  very  distinctly  the  time  by  the  clock  on  the  tower.  Here  but 
little  magnifying  power  was  required,  and  there  was  a  deficiency  of 
illumination,  yet  the  telescope  supplied  both. 

To  understand  the  principles  upon  which  this  power  of  telescopes 
depends,  it  is  necessary  to  attend  to  the  following  particulars : — 


1.  Magnifying  power  is  measured  by  the  enlargement  of  the  image 
seen  in  the  telescope,  as  compared  with  the  apparent  dimensions  of  the 


2.  The  Uluminaiing  potoer  of  the  telescope  is  the  amount  of  light 
which  it  collects  from  any  object,  and  transmits  to  the  eye  for  the  pur- 
poses of  vision,  as  compared  with  the  amount  of  light  from  the  same 
object  received  by  the  unassisted  eye. 

The  illuminating  power  of  the  telescope  should  be  careAilly  distinguished  from 
illumination  of  the  object. 

3.  Penetrating  power  is  the  ratio  of  the  distances  at  which  the  eye  and 
telescope  would  collect,  for  the  purposes  of  vision,  an  equal  amount  of 
light.  Hence  the  penetrating  power  of  a  telescope  is  equal  to  the 
square  root  of  the  illuminating  power. 

4.  The  visual  power  of  a  telescope  is  found  by  extracting  the  square 
root  of  the  product  obtained  by  multiplying  the  penetrating  power  by 
the  magnifying  power. 

Putting  P  for  the  penetrating  power  of  a  refracting  telescope,  x  for  the  pro- 
portion of  light  transmitted  by  a  single  lens,  n  for  the  number  of  lenses  in  the 
instrument,  A  the  available  diameter  of  the  field-lens,  and  a  for  the  diameter  of 

the  pupil  of  the  eye,  we  shall  have  the  illuminating  power  =  — —. 


object  as  seen  by  the  naked  eye. 
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ThB  Tftlttt  at  X  in  thU  conation  will  wiaj  with  the  Ihlcknees  of  lb«  Ieiiffl«,  the 
ittfrta  «r  polUh,  mi  Ihe  Hmaant  nf  curratare;  hut  Tot  ordiniirj  purxioaes  of 
al«ii]atioD  wii  mtty  eonfiider  \ia  taIuc  ui  vftryiDg  from  j^f^  to 

L«l  If  reprcscQt  the  magnify ing  ponrer  And  V  the  vi^uul  poivfir     a  tfileseope, 

II  wiU  hm  evident  UtAt  tb«  beat  effeet  with  the  t«leaeope  will  be  obtftlaed  when 
Ibe  (»«iietrmliDg  and  tnrngtiiijing  p«wen  arc  nearly  ctjua.!.  If  the  magnifjliig 
powvr  'iM  in.  flxe«st,  ibough  the  image  ma/  be  t^ulArged,  it  will  He  too  faint  to 
|){«44«>t  ft  impfe**i(m.  If  the  magoifyitig  power  is  too  sron-ll  in  propftrtloo 
iA  Ibf  p«fietratiog  power,  the  eyca  will  bo  dazEled  bj  the  txcc^^B  of  lights  while 
Ilia  ter*!*!  part«  of  t,bo  ima.£«  will  not  bu  clearlj  jepa rated  upon  the  rclLaa. 

Thv  magnifjing  power  of  the  toloecope  is  tberefure  varied  hj  ibe  mtt  of  dif- 
ferent  vje-pi««ea  (506)  to  ruit  Iho  stato  of  the  atmaspbcrc  and  the  degree  of 
of  the  objoct  viewed. 


I 


&0S.  AobTOtaatio  object  glass for  microscopes,  if  constructed 
(if  the  forms  used  iu  telescopes,  are  very  unaatbfactory.  In  the  &rgt 
plnee,  it  is  found  cxceediDgly  dilSeutt  to  cotistnict  6ut*b  lenses  Buffieieotly 
•mall  fur  the  high  Diagnifjiug  p^mcrs  required  in  the  microscope. 
8«eoiidIj,  the  largest  achromatic  lensea  for  teleacopea  hftte  but  a  Bmall 
diAmfiler  In  ^ro|K>rtiun  to  tho  length  of  tlielr  foci,  atid  if  knses  for  tho 
Biicioscope  hiire  a  diameter  equally  email  in  proportiQii  to  tbeir  fuoi, 
Ihtjr  »dinit  too  little  light  to  be  of  much  practical  utility.  But  if  their 
diameter  U  increased,  the  light  admitted  through  the  borders  of  the 
leaam  prodaees  fringes,  with  colors  id  the  inTerse  order  of  the  aolur  ipech 
trum,  showing  that  while  the  color  is  perfectly  corrected  in  the  eentrt, 
the  eorrection  effected  by  tho  concave  Icos  ih  too  great  at  the  margin. 

Si^,  Ifister's  aptanatic  foci,  and  compcand  objectiTeB.— Thd 
diiOOTerieft  of  Joseph  Jackson  Lister,  Eiq.,  communicated  to  the  Eoyod 
Soeietj  in  1830,  have  proved  of  the  utmost  vulue  in  perfecting  the  com- 
pound achromatic  micro wop«.  QIs  preliminary  principles  are,  Ist^  that 
plftnt>-con¥ex  achromatic  lenses,  ahown  in  fig.  371,  are  most  easily  odH' 
itracted.  -!d,  that  if  the  convex  aod  concave  leoses  have  their  inner 
Btirfacet  of  the  fiamc  curvature,  and  are  cemented  together,  much  leas 
light  is  lost  by  rcdcctbti  than  if  the  lenses  are  not  cemented.  Mr. 
lifter  diMovered  that  every  such  plano- 
COOTex  achromatic  combination  as  A  A, 
fig.       ha«  Bome  point,  as  /  not  far  — 


fcvm  iu  principal  focuH,  from  which  fL._^i 
radiant  light  fulling  nprm  tho  lens  will 

hit  tmn«niUled  free  al«o  from  spherical  *     -  f 

abertrntiun.  This  puini  is  therefore  called  an  apl&mttc  fottt*.  The 
incident  my, /il,  liiakes  with  the  perpendicular,  id,  an  angle  con- 
niderivbiy  less  than  the  emergent  ray,  e  makes  with  e  h  the  perpen- 
dicular at  th«  point  of  emergence.   The  angle  of  emergence  is  nearly 
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three  times  as  great  as  the  angle  of  incidence,  and  the  rays  emerge  froni 
the  lens  nearly  parallel,  or  converging  towards  a  focus  at  a  moderate 
distance  from  the  lens. 

If  the  radiant  point  is  now  made  to  approach  the  lens,  so  that  the  nj/dtg 
becomes  more  divergent  from  the  axis,  as  the  angles  of  incidence  and  emerg ene* 
become  more  nearly  equal  to  each  other,  the  spherical  aberration  becomes  neg*. 
tire  or  over-corrected.  But  if  the  radiant  point,  /,  continues  to  approach  th« 
glass,  the  angle  of  incidence  increases,  and  the  angle  of  emergence  diminbbes 
and  becomes  less  than  the  angle  of  incidence,  and  the  negative  spherical  aberra* 
tion  produced  by  the  outer  curves  of  the  compound  lens  becomes  again  equal  to 
the  opposing  positive  aberrations  produced  by  the  inner  curves  which  an 
cemented  together.  When  the  radiant  has  reached  this  point  (at  which  th* 
angle  of  incidence  does  not  exceed  that  of  emergence  so  much  as  it  had  at  first 
come  short  of  it),  the  rays  again  pass  the  glass,  free  from  spherical  aberration. 
The  point/'  is  called  the  shorter  aplanatio  focus. 

For  all  points  between  the  two  aplanatin  foci/ and the  spherical  abemtioA 
is  over-corrected,  or  negative ;  and  for  all  radiant  points  more  distant  than  the 
longer  aplanatic  focus  /,  or  less  distant  than  the  shorter  aplanatic  focus  /*,  the 
spherical  aberration  is  under-corrected,  or  positive.  These  aplanatic  foci  have 
another  singular  property.  If  a  radiant  point  in  an  oblique  or  secondary  axis 
is  situated  at  the  distance  of  the  longer  aplanatic  focus,  the  image  situated  in 
the  corresponding  conjugate  focus  will  not  be  sharply  defined,  but  will  have  a 
coma  extending  outwards,  distorting  the  image.  If  the  shorter  aplanatie  focos 
is  used,  the  image  of  a  point  in  the  secondary  axis  will  have  a  coma  extending 
towards  the  centre  of  the  field.  These  peculiarities  of  the  coma  produced  by 
oblique  pencils  are  found  to  be  inseparable  attendants  on  the  two  aplanatic  focL 

These  principles  furnish  the  means  of  entirely  correcting  both  chro- 
matic and  spherical  aberration,  and  of  destroying  the  coma  of  oblique 
pencils,  and  also  of  transmitting  a  large  angular  pencil  of  light  free 
from  every  species  of  error. 

Two  plano-convex  achromatic  lenses,  A  M,  fig.  386,  are  so  arranged 
that  the  light  radiating  from  ^ 

the  shorter  aplanatic  focus  of   ^ 

the  anterior  combination  is  re-  ~  ' 

ceived  by  the  second  lens  in  the 
direction  of y^',  its  longer  apla- 
natic focus. 

If  tlic  two  compound  lenses  are  fixed  in  this  position,  the  radiant 
point  may  be  moved  backwards  or  forwards  within  moderate  limits,  and 
the  opposite  errors  of  the  two  compound  lenses  will  ba- 
lance each  other. 

Achromatic  lenses  of  other  forms  have  simihir  pro- 
perties. It  is  found  in  practice  that  larger  pencils  free 
from  errors  can  be  transmitted  by  employing  three  com- 
pound lenses,  the  middle  and  posterior  combinations 
being  so  united  as  to  act  as  a  single  lens,  together  balancing  the  aber* 
rations  of  the  more  powerful  anterior  combinations.    Fig.  387  shows 


3(51 

•  Oaminoti  farm  Af  the  ttiple  aplaoalic  Bod  aclirotriatJC  otJectiFO,  usfd 
fctr  the  ofunp<*iin4  niicrosi-op*. 

510.  Aberration  of  glass  cover  oorreqted.— If  an  olyeet  viewed 
witli  au  aclirymaiie  micrujicapc,  which  has  ail  its  aIiBrralioii9  corrected 
for  an  ancovered  object^  is  coircred  with  evea  a  tbin  film  of  gllann  or 
mu^  •pherieiil  alierratioti  U  upim  produced,  thnn  sensibly  impiiirlng 
itie  dw»iliifHneaa  of  visioti  wUeti  a  high  |x>wer  is  used. 

liAl  n  A  f>  tl^  6g.        he  ■  Sim  «r  glnaa  or  mjra  bounfJed      pitrollvl  {rurfa««s« 
If  myt  of  light,  fiirerging  Trom  0^         tbrough  tlii«  film.  th«  rnj  0  T'  It'  £' 
will  iuir«F  gr«At«r  dbpUeeuifiit,  tbun  thm       0  T  H  E,  S8S 
wbini)  makea  a,  smaller  niigle  wUb  tlifl  ]K<rp«ndicalnr    ^  a  b' 

Of.  U  R  E  AuU  B^E'  are  ext«n«Ji!d  backward,  thttj 
will  cro»H  tb«  axis  or  perpendicular  ihc  fiumti  X  Aiid 
Tim  «ri»»nition  tbe  pninte  X  and  Y  19  cxuctly 
itattar  to  lb«  rphericra.1  abcrrBiioti  of  a  conrnrc  ko!*^  tiiid 
!■  ElMnforo  cftU«d  civgativo  spbericul  nbcrralioii^  Ciifo- 
BMiie  ab«mtUua  ii  aUo  produced  by  the  fmnie  mentis. 
TImi  effitel  obwrred  bj  tbe  eje  in  fucb  cMStaa  i»,  tbitt  Imca  i.f«  nul  no  ibmrplj 
dclliied,  nBcl  Uifl  oQtlineQrAQ  object  appowB  bordcr«tl  wilh  l»r<iBi.Ur  frlngfl*,  witli 
Fut«>rt  of  tbe  wp^nAmrj  rpcctram  wpoa  tht  borders  of  Ibc  ulgeet.  Tbeiw  errori 
tri  vaatl^  cnfTeetod  hj  diminiabing  tb«  dl«tBDco  between  (be  anterior  %ad 
ptMitflot  mnbiaatioai  of  th«  e<»mpuaDii  objective,  vbicb  U  furtibbed  witb  fto 
a4i'***'^'>l!  fur  ibti  purpose, 

^^$11*  ^tie  oompoand  achromatio  mictoacopa  is  compost  of  the 


triple  achromatic  objective,  A  M  fig.  380,  und  the  negatire  eje-piece, 
jhmed  of  I  he  fiobMons  F  F,  and  tbe  cjedeQa  E  E. 
TIm  ttetion  dratrn  in  tb«  figure,  ah«wi  hoir  tbe  lipbt  h  ^eteA  aptm  in  pMsitig 
tbe  dLfFer«tit  |iarLs  nf  tbe  itijtruimftiL  Pettcilt  of  rmya  from  •It  pitrti  of 
m  r,  |»«tii  lAifou^h  tba  c^mp^ttucl  obj««'Uro  A  M  P,  «&d  tcnti  to  form  « 
at  R  R.  mad  m  wUUt  itaik^  V  tbe  ohj^ct-glu*  bei&f  ■lij^btljr 
cUxl,  *o  u  U»  projwtt  ibo  riolet  r*j9  far  bcf  ond  tbe  red  a»  luajr  b« 
to  make  up  for  ibe  want  of  ebeolute  ecbromAlij^m  in  ib«  cjv-f teco, 
e(i(|iTarKit>|^  ptoi'il*  (!.  T,  b^itiit  itit<irc«pt«rf  bjr  tbe  Betd-tooff  P,  are  fctre- 
•bor(e»c<l«  aitd  at  ibo  «aa«  lUat  Uie  liit^ra)  peacib  mrti  bent  inwinl,  to  ibai  tb« 
imaffM  «  Hp  r  ate  ttatiUiff  a««r»r  togetber  tban  Y  KB,  and  eurTcd  in  aa 
direction.  Tb*  reTeitiun  of  tbe  etirvalure  vf  lb«  imagei  u  prodaeedl  hj 
of  tb«  flc|il-l«af^  which  maftti  the  caotral  pcBciJ»  C,  naeh  Gutber  (h>ia 
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the  images  V  V,  R  R,  than  where  it  meets  the  lateral  pencils  S  T ;  thus  the  foeni 
of  the  central  pencil  is  more  shortened  than  the  others.  The  field-lens  of  the 
negative  eye-pioce  does  not  reverse  the  carratare  in  every  variety  of  instrument, 
bat  it  always  changes  the  form  of  the  images  so  as  to  improve  the  definition. 
The  violet  rays  S  n,  T  n,  fall  npon  the  eye-lens  nearer  its  axis,  than  the  red  rays 
S  m,  T  m,  which  are  less  refrangible,  and  hence  the  eye-lens  counteracts  the 
divergence  of  the  colored  rays  which  were  separated  by  the  field-lens,  and  eanaes 
them  to  pass  to  the  eye  so  nearly  parallel  that  they  appear  to  diverge  Arom  the 
same  point  of  the  virtual  image  S  T,  formed  at  the  distance  of  distinct  vision. 
The  distance  between  the  red  and  violet  images  rr,vv,  is  jast  equal  to  the  dif- 
ference between  the  red  and  violet  foci  of  the  lens,  and  these  images  being  eurved 
jast  enough  to  bring  every  part  into  exact  focas  for  the  eye-lens,  the  eye  sees 
the  image  at  S'  T'  spread  out  in  its  true  form  on  a  flat  field. 

By  means  of  this  boaatifal  system  of  compensations,  for  the  various  errors  of 
chromatic  and  spherical  aberration  and  curvature  of  the  image,  which  interfere 
with  the  performance  of  a  single  lens,  the  compound  achromatic  microscope  has 
been  brought  to  a  degree  of  perfection  unsurpassed  by  any  instrument  employed 
in  practical  physics. 

512.  Solid  eye-piece. — A  negative  eye-piece,  constructed  of  a 
single  piece  of  glass,  has  been  patented  by  Mr.  R.  B.  Tolles,  of  Canaa- 
tota,  N.  Y.  In  the  solid  eye-piece  there  is  much  less  loss  of  light 
by  reflection,  as  there  are  only  one-half  as  many  refracting  sarfacee 
as  in  the  ordinary  eye-piece.  The  image  is  of  course  formed  in  the 
substance  of  the  gloss.  This  eye-piece  allows  the  use  of  a  higher 
magnifying  power  than  the  eye-piece  formed  of  two  lenses,  and  it  is 
thought  also  to  give  more  perfect  definition. 

513.  Visual  power  of  the  achromatic  microscope. — The  great 
distinction  between  the  telescope  and  the  microscope  consists  in  the 
fact  that  while  the  former,  practically  speaking,  is  suited  to  receive 
parallel  rays  from  a  distant  object,  the  latter  has  to  deal  with  rays 
which  diverge  from  a  closely  approximate  point.  On  this  account  the 
formula  for  visual  power  will  require  some  modification. 

Angular  aperture. — The  angular  breadth  of  the  cone  of  light  which 
a  microscope  receives  from  an  object,  and  transmits  to  the  eye,  is  called 
its  angular  aperture. 

llluminaiing  power  in  the  microscope  depends  upon  the  square  of  the 
angular  aperture,  due  allowance  being  made  for  the  light  lost  in  its 
passage  through  the  instrument. 

When  the  formula  fur  visual  power  is  applied  to  the  microscope,  A  must  repre- 
sent tbo  angular  aperture  of  the  instrument  measured  in  degrees ;  and  a  will 
represent  tho  angular  breadth  of  a  cone  of  light  which  can  enter  the  pupil  of 
the  eye  from  an  object  at  the  distance  of  distinct  vision  =  1°  very  nearly.  We 
shall  then  have : — 

The  penetrating  power  of  the  microscope,  P  =  A\/jc'',  or  the  penetrating 
power  varies  directly  as  the  angular  aperture.  This  is  not  absolutely  eorrsoW 
for  tho  loss  of  light  by  reflection  causes  x  to  diminish  as  A  increases. 


OI  TICS 
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XaI  C  =s  ftod  w«  stkAll  hAV« :—  The  eituat  powtr  of  the  iiitCTOi<ftp«« 

Or  (•ince  Ibn  m>,gnifjing  power,  or  th-o  ey«-ple^^BJ  wMcli  mfty  bo  Bmployed, 
with  the  hU|;ular  Bpe'rLure|r  gencraHy  — ' 
3"i«  vtMttfjt  power  o/  the  niicrftunpt  ia  pro^ortt^tml  tQ  lAe  §fuart  root  of  th« 

Dtfimng  ynvt-r,  or  nbarptieM «if  iniiiiite  detailj  in  na  object  seen  hj  the  mier^ 
•eo|re^  r«<{t(tr«a  perfect  correction  of  chromAtio  Okod  ipbcnoDLL  aberrdLtjdQ. 

In  A  IT.  '^'•iiK  A,  B,  C,      fIukh-  Lhd  sati'eesitT'o  appennuicei  of  «  eefrle  df  Jfbrv 
Afl  JtfrMf/tiir#^  by  regiilu-  cnlflrgeifletitf  of  the  ongniM  (i|M*rlwr6  of  tlm  micro- 

%n 

A  BCD 


%ttli  whXch  ii  WM  Tieired.  Tlia  kviiilAble  annular  (ipurlnre  of  a  iiiigT« 
MlJom  Mccodf  fifteen  or  twctii;  degfcos.    In  tbo  triple  mcbromatiti  obj«e- 


tke  aperture  fur  Qrdiujfcrj 
Mrvftltoue  baa  btcQ  extended 
IfO^.  With  tbo  higfaedl  pifweti 
for  vie  will  g  infujoria,  both 
^gIUtl  Kud  American  opticiuii 
bare  sidTaiiieod  the  aogul&r  aprr- 
ttirc  U»  1SD°,  aod  in  so  mo  glMiec 
t0  175". 

514  Tbe  mechanical  af- 
rmneement  of  the  micro- 
ope  b  well  exhibited  m 
391,  which  has  been  en- 
fed  from  a  very  eicclkot 
faiftrameDtf  nianafflclured  li/ 
J.^  W.  Grunow,  N«*  Ilaren, 
Conn. 

Th«  iiiflTuiii«nl  I*  mounted  OQ 
ImatiifiBa,  irbich  ^oir  it  to  ba 
dtbvtt  at  uiy  angle.  Tt>«  bud/ 
lb«  &ikra9cop«  ti  stored  in  n 
~r«4  vopport,  bj  a  nu'k  and 
'nioO  nmlion  for  a^ijmtrng  tbo 
I.  The  Jtai^e  bas  a  Soe,  fivli- 

lt«4  head^  a^-img  upon  a  Xt^vt 
lbs  back,  uf  tb«  injilnt««rtt,  by 
mov^iQcnt  Ilje  tm  m  eao  be 
ait«4l  «ltb  tlic  nliniiit  iteUoaf^. 
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a  Ifiver  at  tbe  rigbl. 


364 


PHT8ICS  or  IMPONDERABLS  AQENTB. 


A  mirror,  eonemve  on  one  side,  mnd  plane  on  the  other,  is  so  mounted  below  the 
■tage  as  to  illuminate  the  object  with  either  parallel  or  eonrerging  rayt. 

Polarizing  apparatus,  and  other  accessories,  are  fitted  to  the  stage,  and  to  tbi 
bodj  of  the  microscope. 

515.  The  magic  lantern  is  an  instrument  for  pn^ecting  npon  t 
screen,  images  of  transparent  pictures  piunted  on  glass. 

A  lamp  is  plaoed  in  a  dark  box,  before  a  parabolic  reflector,  M  N,  fig.  S9S, 
which  throws  the  light  upon  a  eon  rex  lenv.  A,  by  which  ii  is  strongly  ewdsnsid 

Z9i 


upon  the  object  painted  on  the  glass  slide,  inserted  at  C  D.  The  magnifying 
lens,  B,  forms  an  image  of  the  illaminated  picture  upon  a  screen  E  F,  placed  at 
its  eoigngate  focus.  The  picture  is  placed  in  an  inverted  position,  to  produce 
an  erect  image  upon  the  screen. 

A  great  variety  of  objects  panted  on  glass  can  thus  be  exhibited  either  for 
amusement  or  instruction.  The  magnifying  power  of  the  magic  lantern  is 
equal  to  the  distance  of  the  screen  from  the  lens,  B,  divided  by  the  distance  of 
the  lens  from  the  object. 

516.  The  solar  microscope  is  a  species  of  magic  lantern  illumi- 
nated by  the  sun.  It  is,  however,  much  more  perfect  in  its  structure, 
and  it  is  commonly  employed  for  viewing  on  a  screen  images  of  natural 
objects,  very  highly  magnified. 

The  structure  and  arrangement  of  the  solar  microscope  are  shown  in  fig.  39S. 

393 


It  is  mounted  over  an  opening  in  the  shutter  of  a  dark  room,  on  the  side  towards 
the  sun.   A  plane  mirror,  M,  is  so  arranged  outside  the  shutter  as  to  reflect  the 
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tap  tJa«  ■crew,  D,  tba  mirror  mwy  be  elevated  ur  de})r«&SDi],  and  mntkm  of  anolbef 
•cnw^  T,  it  cftabe  rotated  on  iht;  ax  if  of  the  microscape^,  HQastofoltow  thu  tDoliona 
9f  »iia.  A  imoll  Icnfl,  E,  moved  tbe  rack  and  pinioD  witb  tb«  milled  bead 
#erv«l  to  eQ>iidetise  tbe  I  i^bt  upon  the  object  atUle,  Q.  Tbe  alldtii  Q,  whitib  carrki 
tk«  olfieel,  U  Bwurctl  b«iw«ca  the  bnu*  jilatea  K  K,  bj  tbe  acrew*,  If  IL 

Tb«  objvct,  Btrooglj  illuminated,  it  Adjusted  to  ibe  fQeus  of  tba  amal!  lens,  h 
(wiLivb  majr  b«  either  a  susill  globule  o£  glassp  or  a  compound  ocbromatk  objei?^ 
tirt,  (jf  ifaort  foeai),  and  an  images  a  hf  greatly  anlargedj  formed  in  tbo  t^oiijugniQ 
fotn*  of  tbe  Uds  IB  reeeired  upati  a  wbite  screen  placed  in  a  eonvcnLent  poeition. 
Bj  dimiDiabiDg  tbe  dJatance  betwcvn  the  object  and  the  kne,  L,  tbo  ccuijngato 
focus  will  be  more  distant,  ibe  tcreen  may  be  placed  farther  from  the  Ivas,  at^d 
ib«  taagnifviag  power  vrill  lie  proporUt^ually  enlarged. 

Insltftd  of  cmplujing  the  lijjbt  of  the  *un,  ibe  iolar  microscope  may  b«  illa- 
laiaated  by  tbu  electric^  or  by  tbc  oxybydrogen  light. 

517.  ThB  camera  obscura  coQSista  of  a  dark  chamber  in  ^Iiich 
un&gca  of  external  olijects  are  formed  by  the  a.ld  of  a  mirror,  aad  a 
ooncaire  letts.    This  ifii^trumeiit  affords  a  con-  $91 

nient  metbod  of  skeiehing  uatofal  Bcencry. 

A  plane  mirror,  ftg^  294,  plated  at  an  angle  of 
1 uritb  tbo  borixon,  reflects  the  light  downward, 

Ibranj^h  a,  co  a  verging  lena^  placed  la  the  tnp  of  tbo 

iiuk  ebamber.  A  «be«t     pap«r  placed  on  tbe  table 

ia  tbe  f«cuf  of  tbe  leD«,  receiver  the  tmnge  of  u  laud-^ 

•eafMi  or  ittber  object,  wbkh  I'an  be  traced  with  a 

pencil  by  tbo  arttet,  lit  ting,  at  ^bown  in  the  figure, 

vitfa  bit  b«ad  imd  ehoalder«  protected  frooi  extrtx^ 
'  uea^tiA  light  by  a  dark  curtain. 

The  itudent  can  eajily  prepare  an  ioclrument  of 

Ibid  klndp  by  iaeeritag  a  epcetacle  gla^j)  in  au  uri- 

flo*  la  lb«  U»p  of  a  bt^x  about  iwo  feet  bi|;b,  and 

p\»<t\M£  a  common  mirror  at  tbo  required  angle  j 

abora  It    Tbe  paper  on  th«  table  can  be  placed  on] 

a  4»wiBg*byftrd,  and  fiied  at  foeh  a  diaumeo  from' 

IIm  Ivqi  ai  fires  Ibe  moat  distiDct  image.    A  cloak  thrown  over  tbo  aide  »f  tbe 

b«x  vberv  ibe  obaerrer  fitt,  will  darken  tbo  chamber  io  ai  to  permit  ikctcbe«  to 

b«  oiadc  with  great  facility. 
Instead  of  |U«  mirror  and  Wnt  shQva  in  fig.  304,  a  rnctatijfii- 

la*  prtf  in  U  utlcti  D>ed  as  a  reflei'lur,  and  if  one  side  uf  the  prium 

U  gtoadtd  in  tbe  form  of  a  lonif  tbe  two  parti  of  the  Ltiitrumciit 

an  «oiablued  in  one. 

518.  Wollaaton's  camera  Iticlda  is  another  initra- 
[la«iit  Haod  for  akctchtog  from  niiture.  It  eonststjof  a 
finKin,  abed,  fig,  395,  of  which  the  angle,  6,  is  a  rij^ht 
angif,  the  anj^te,  tf,  h  155%  and  iUo  aogles  al  a  and  e 
are  each  GT|°. 

It  U  mquDled  on  a  tuitable  ntand,  and  tbo  eye,  P  P'^  pUc-edl 
at  ahowlt  in  the  flgure,  teea  the  image  uf  a  diaiant  objeel  ai  ihotigli  pnjeel«d 
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npoD  Lho  pa-per  MN,  wbore  ths  ontliBfr  may  bo  triiced  hy  the  poaeil  S,  lb«  « 
'fe«t.Mfig  tha  imago  mad  ths  pooeil  at  the  sumc^  Itmo,  The  light  ftuui  &  dliU 
object  catering  the  prtJfB  ocurly  Jkt  right  aaglea  wUh  thi?  fiiee^  t  c,  twied  fUffu 
total  reflection,  and  cnjcrges  perpcDtitcuIar  lo  the  foci?  u  b,  when  il  en  ten  ill 
eye,  a.iid  appanra  as  if  coming  rrom  the  papcTj,  MN.  Tha  imng«  pruje'Oled  upo 
tbe  pap^sr  tj  SI  much  im«)lef  th&n  the  object  u  Om  diatAuod  froiQ  ihu  pdsm 
than  the  dbtanpe  of  Ihc  objeot.  The  iuiftge  e*ii  bo  niAdo  to  affliuoij  an 
re<|uii-etl  ilLmonsioQn  by  vnryijig  the  rctatire  diataucca  of  Iho  paper  »nd 
olgticL    This  inAlrumtint  in  priacipallj  emplujed  by  mrList*  tor  Jketebmg  Ima 

A  DiimhBr  p-T  otheT  formj  of  earner*  Itjeidn  un  employed  to  luit  diStmnt  pn 
poses,  but  in  mil  f>(  theia,  either  tbe  abject,  or  the  pencil  mni  piiperji  aro  r 
by  reflected  light,  mado  to  coiDcidc  ila  direction  with  the  direcl  light. 

519.  Pliotographj  is  the  art  of  producing  pictures  hj  tbe  ch«mtc«l 
action  of  light.  The  daguerreotype,  ambrotjpej,  crystaUutype,  bad 
pht>l;>lkbograph»  are  all  produced  by  modiSed  applicattons  of  ibo 
camera  ub^cura.  Instead  of  the  plain  paper  and  pencil  used  by  iha 
urtittt  fur  fiketcbing  witb  the  camera,  a  surface  of  ailver  or  coLlodioo, 
made  gensiti^'G  by  iudinc,  broiatiic,  or  some  other  chemical  prepnrati<jn,| 
ia  placed  in  the  camera  and  subjected  to  tbe  action  of  the  light  of  tbi 
image  ppojeoted  there  by  tlie  lens.  SO  a 

A  oamera.  employed  for  photography  in  any 
of  it4  form?,  requires  lo  hti  achrDtdatic,  aud 
alga  tbftt  tbe  ebemical  rnyn  shall  be  brrmght  to 
a  fooaa  at  the  satne  peint  id  the  viiual  rays,  or 
at  a  welt^delined  dlatonpu  from  tfaem.  A^  ti)ij«<?t« 
copied  by  phuLograpby  *ro  acldoni  flat,  the  tibjf?e- 
tiTe  of  the  criiner*  rcijulrca  to  bo  bo  eotietmcied 
an  not  only  to  g;ivi  per  f^sct  dcBoition  of  all  objtcti 
situated  in  the  (ueid  plane,  but  aIio  it  should  ha  adapted  ta  ^ive  tolerably  foohd 
de&nillufi  of  parta  iif  ad  object  that  ai«  iltUAtad  a  litU«  anltfrior  or  ptifleflor 
the  foe  111  plane. 

Tbe  uaaal  form  ot  thee  caiai^ra  employed  in  pUot^]c:rapfiy,  is  flbnwn  ifi  &g.  SO 
Tbi>  acbromatie  eompoond  lcn»,  A,  U  altachc'd  tt*  tiin  haw,      ikAd  CWH  be  no 
backwttrda  or  forwikrdd  by  tdrning  the  milled  h&Ad,  D.    The  second  box, 
fflidea  within  the  ftrst.    A  j^Jnfo  of  groond  gtatt  Act  in  tht"  frame,  K,  is  inscr 
in  n,  and  when  tbe  foeu^  is  ad  a^ljufted  a»  to  gire  a  perfect  irnag'e  «n  the  gr^an 
gh^a,  ihh  h  remored,  and  tbe  aenjitiro  plate  cover«<t  by  a  dark  icreen  is  inter' 
in  iti  plfl^'c.    The  dark  icreeo  ii  then  rewioved,  and  the  Ugrht  produces  a  cheoti* 
cnl  cbaoge  whero  the  iinAgo  is  projected.    T\\\b  image  Ib  then  mado  permaaeat 
by  vapor  of  murcury  or  *;}ther  chemiuiil  applicatio'Qj. 

520.  RaLlwajr  lUttraination.—Far  illummaUng  railroads,  it 
important  ti>  throw  upe^n  the  track  a  powerful  beam  of  light,  cimaiiitiii 
of  rayfl  nearly  parallel.  When  the  track  is  thus  illuminated,  olgec 
upon  it  are  more  readily  diattnguiahed  by  contrast  with  surro* 
darknej$s ;  it  it  therefore  desirable  to  limit  tbe  light  to  the  Im 
vicinity  of  the  track* 

Tbe  ttomiaaa  metbod  of  effeetia^  tbl§  object  In  to  placo  ta  Argacd  lamp 
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tlt«  taeoM  »f  ft  iargff  panJiolic  reflector  (325),  »itij|p.t«d  m  front  «f  tliti  leKTomotivd. 
TU*  Vtght  i«  tbu»  tbnjwn  rontaril  in  pArallcl  hnv*.  &u{l  the  l&toril  illuuiinalluti 
produced  bj  iigbt  rbdmtod  direcVSy  fujoi  tbo  liwnp  U  co&iiwuUv^tljr  imulU 

521.  The  Ttesnel  lens,  n  Bet^iiia  of  which  is  »buwn  f^K  o  A  ff,  fig. 
U       employed  for  jirtijeuting  a  powerful  beam  of  parallel  ligLt 
ii|w>a  olijncLs  to  be  HlumiDnted  tit  a  difl*  397 

tance,    Thh  form  of  hm,  invented  atid  _   ^— 

first  appiiMl  to  practical  ftdrpoEtCB 
FrcAtiel,  Cfitmists  uf  »  central  plano-ctinves 
len%  fturrrjiinded  by  legmen  tary  rings, 
with  curvaturca  t^ueeosslvely  dmiiiiistilng 
t«  much  fia  la  necessary  to  avuid  the 
opherlcal  abcrnidoa  of  a  etogle  lens,  the 
oeotrml  letii,  and  all  the  aiigulA,r  segiucnts  having  their  curves 
nSJusted  an  to  have  a  common  focus. 

T\»*  MjinenUfy  Htig«  Atv  fomotimiie  aiiid«  entire^  but  gcocmll^,  when  tb« 
life  u  coQftiJerable'i  cocb  rlog  ia  cocqpoMd  of  lerenU  pnrtSt  Tbo  ccotrAl  I  etui 
»hd  lftt«r»l  ieginflDti  ara  all  cemented  to  a  plate  of         lu  ebawu  in  theflpire. 

F«r  Biott  parpotM,  wber«  tbo  Frceoel  lent  ia  empluyed,  it  it  ueceiBary  to  gifo 
tlia  niumb^tinjir  bcun  of  Ught  «  »UgHt  decree  af  dirffr^nc^.  It  will  b«  chjUj 
pecQ  fhJDi  thv  figure,  )bat  if  the  c«Dtre  of  the  l»[Qp  b  plared  at  tLe  pritir'lp*! 
t«m9  of  thm  IcnSf  tbe  direrg^Dcc  of  the  beam,  sJlcr  pueiDg  tbe  luu«,  wtJl  Imi 
e^Qfti  to  tk*  Angle  ftA&^  wbiob  ibe  flame  of  tbe  lamp  9ubi«itd8  at  tbe  «urrm.<e  of 
tbt  lefli.  A  «af!»c»rfl  mirror  ii  ml>o  placed  bcbiod  the  lamp,  to  tbrow  foriiriird 
the  ll^bt  la  a  c<vi}dittoa  to  bo  rerraeted  nearly  parallel  hj  tbo  hnt  \a  frant  ot  tbe 
lamp.  A  luacb  moro  brilliant  beam  9f  ligbt  ti  tibtamed  in  tbis  matiner  Iban  bjr 
tba  pftrabelie  ntflectors  alouo.  ThU  leai  is  aldo  need  la  France  for  railwftj 
Ulsdiiiistioa, 

&22.  Sea<lLghts«  deaigned  as  bcBCOOS  to  thi;  tnaritier  upon  dftog^r- 
ma  coa^ta,  or  for  lighting  harbors,  are  usually  pla^jtid  in  towers,  o&lled 
Ughi-}iottsta,  The  grent  eleTatioii  of  the  light  398 
permits  it  to  be  «een  far  out  at  Ma.  It  is  evident 
itluit  ail  light  tJmjwti  out  above  or  below  tito 
f'pfaute  of  tbe  borixon,  is  of  no  arail  to  the 
mariner. 

By  an  tngeaioaf  appU  eatiOft  of  tb«  prf  a  triplet  of  tbe 
I  I'runel  leni,  a  *hwl  of  ligbl  i«  throwa  ont  in  eircr? 
'  direr tioa  in  tbe  pla&e  of  ihs  horiion,  Jf  fig,  «t0$  U 
rercrlvod  abuui  tbo  central  perpend irulnr  line,  a*  «id 
mxlK  it  will  generate  ibe  apparatoi  knoim  ns  tbe 
Frun*!  Jir*ii  At/if,  Tbe  central  caue  utrill  e^ootifili  uf  a 
i«ric«  of  bunpf  wb^te  iJKprj'fVDdiealar  reetion  it  erer^wbt^ro  tbe 
of  the  FreinH  Tbii  i^rne  will  tbi»r^f>»Ti*  fo  act  upon  tbe  Hgbl  of  a  Ump 

w«d  at  tbit  eantrv,  mM  to  prujact  a  jUuet  of  li|fbt  in  er^ry  direetioti  in  the  plane 
of  the  bariton.    Abota  ftAd  below  tbe  etotral  soae,       enriea  of  triaAfaJar 


...  \ 
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hoops.    A  section  of  one  of  these  hoops,  Mid  its  action  upon  light  ndimting 
from  the  central  lamp,  is  shown  in  fig.  399 ;  A  C  and  B  C  are  plane  faces,  while 
A  B  is  a  convex  surface.    Light  from  the  focns,  F,  899 
is  refracted  on  entering  the  face  B  C,  it  undergoes 
total  reflection  at  the  surface  A  B,  and  a  second 

refraction  at  A  C,  from  which  it  emerges  in  lines  ^ 

parallel  to  the  horixon. 

The  focus  of  each  prismatic  hoop  is  carefully 
calculated  for  the  place  it  is  to  occupy,  so  that 
every  part  of  the  apparatus  throws  out  the  light 
that  falls  upon  it  in  a  horizontal  direction. 

523.  Revolving  Ughts.— To  distinguish 
one  lighthouse  on  the  coast  from  another,  the 
Fresnel  light  is  so  modified  as  to  give  a 
Bteady  light,  and  also  revolving  flashes  of  light  of  very  great  intensity. 

In  the  revolving  Fresnel  light,  the  triangular  400 
prismatic  hoops  above  and  below  the  central  Eone 
are  the  same  as  for  the  fixed  light,  but  the  central 
sone  is  made  of  eight  Fresnel  lenses,  fig  400,  set 
as  shown  in  the  lower  part  of  figure.  The  upper 
part  of  the  same  figure  shows  a  front  view  of  the 
central  zone.  While  the  entire  apparatus  revolves 
as  shown  by  the  direction  of  the  arrows,  each  of 
the  eight  lenses  gives  a  very  intense  light  in 
certain  directions,  and  between  any  two  there  is 
no  light  from  the  central  zone  of  lenses.  The 
light  seen  from  any  position  appears  gradually 
to  increase  to  very  great  brilliancy,  and  then  to 
fade  away  to  much  less  than  half  its  maximum 
intensity,  after  which  it  again  increases  to  its 
former  brilliancy.  These  changes  are  repeated  at 
regular  intervals. 

Fig.  401  shows  a  plan  of  a  revolving  Fresnel  light  fixed  in  the  tower  of  a 
ligblbouse.  At  A  B  are  the  parts  shown  in  fig.  400  which  produce  the  flashes 
of  light.  The  whole  apparatus  is  made  to  revolve  by  means  of  the  clock-work 
shown  at  M,  which  is  moved  by  the  weight  P.  The  balcony  surmounting  the 
tower  is  seen  in  the  lower  part  of  the  figure,  also  the  stairs  leading  to  the  lights 
A  dome,  supported  on  iron  frame-work,  protects  the  illuminating  apparatus. 
The  distance  at  which  the  light  can  bo  seen  will  depend  upon  the  height  of  the 
tower  in  which  it  is  placed. 

The  lamp  used  for  the  Fresnel  light  is  an  Argand  burner,  with  four 
concentric  wicks,  with  currents  of  air  passing  up  between  them. 

The  wicks  are  defended  from  the  excessive  heat  of  their  united  flames  by  a 
supcruhuudaDt  supply  of  oil,  which  is  thrown  up  from  below  by  a  clock-work 
movcniunt,  and  constantly  overflows  the  wicks.  A  very  tall  chimney  is  required 
to  supply  a  sufiicicntly  strong  current  of  air  to  support  the  combustion.  The 
dimon.<9ions  of  the  Fresnel  light,  and  the  number  of  lenses  and  hoops  of  which 
it  consists,  are  varied  to  suit  the  purposes  for  which  it  is  used;  the  light  pro- 
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534.  The  teleateieoacope.— Tlie  image  upon  the  relina  of  every 
liantan  oye  rep^eacnt^  a  p«rspeutive  prfyectlou  of  tbe  ohjecta  sttiiat«d 
m  tbe  field  of  view.  As  the  posilions  from  which  these  pfojetftions  are 
taJwn  ore  somewhat  dtlfereDt  fur  the  two  ejes  of  the  same  iDdividujit, 
lh«  penip«ctive  images  themselves  nre  not  identicai*  and  we  make  me 
of  their  drforence  to  ohtaiii  an  idto  of  tUo  diistaneo^  from  the  cje  of  the 
Uifferetit  whjwl*  in  the  6eld  of  tic  w. 

The  tmiige«  of  the  same  ohjcct  on  the  two  retine  are  more  different 
fjvm  aaeh  other  as  tho  object  is  brought  nearer  to  the  eyes.  In  the 
aiM  of  T«rj  tltsUint  oljijcts,  Uie  dijfer^tioe  b«tweoQ  Ibe  |tiotiire»  on  the 
S4 
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rettnie  of  the  two  ^jcs  becoiDea  i  in  perceptible,  and  we  \me  the  lu 
»pok<^di  of  m  estiiiialinf^  their  lixjstantje  ftiid  bndily  tigwre. 

The  teles tcreoscope  ih  an  inBtrumisiit  wliidi  ctiuncs  JiHtant  object*  to 
appear  in  relief.  It  inerease*  the  bintMjular  partiUttJt  of  d(j*iaiit  object*, 
und  by  preaenting  ta  each  eye  mch  ft  view  aa  wytitd  be  obtained  if  the 
dblance  be  twee  □  the  twu  eyes  were  gresitlj  uicreAscd,  it  givcss  the  Bame 
appearance  of  reltef,  as  if  the  102 
objMta  were  brought  near  to 
the  obserrer. 

Let  &  uid  b\  fig.  403,  be  two 
plane  mirrora  placed  ftt  *Dgka  of 
44°  with  the  line  of  tisimi  IH 
t  ttnd  c'  be  two  »m»ller  ralTTon! 
[il»ciid  parallel  io  h  hAd  t>',  aod 
Jet  d  md  d'  represent  tli«  pQaittoti  of  th«  ttro  eje«  of  |ht  ^tiitforren  li  10  eri'l  ml' 
tliAt  the  Vight  fro-ca  diatuit  objects  ftttling  upoa  the  mirrors  m  tho  dirootlon  a  k 
imd  a'  b*,  will  Iki  r«  flee  ted  to  Ibo  imatl  mtrrort  c  and  wh«re  it  will  he  m^aLu 
r\ifleetod  to  the  eye*  fit  d  iiud  d\  Tho  two  ¥i«wi  iwn  hj  lUo  oyen  will  ovycntljf 
bfl  tbe  Bune  m  if^e  wero  acpuratcd  to  tli«  pnsitumi  m  m\  TUe  relliil' 
wUU  tfblob.  objeota  ifill  be  »cDti  hj  thid  msitriiineDt,  will  obri<ia«ljr  be  iucreuied 
lui  much  AS  the  dijitaiico  6  ti'^  exaecda  the  distanse  between  the  9jr«9  il  mad 

But  while  itils  mitraineiit  lucrcajief  the  p«<rii>ocUi'5  diforaqce  of  th«  imA^«M«a 
hj  fcho  two  'ejet,  the  tUiiilI  u.rtg\e  under  which  vach  object  it  teva  ri:tjiaia«  nn- 
ohMjgvd,  aad  benoi^,  m  tbe  app^«Qt  diataaco  of  the  objects  if  dimitiisbeil,  tbeir 
dimenaioni  appear  dimtDisbcd  is  the  same  proportioiii.  If  the  fwikll  luirrort  »n 
made  td  rotAtje  oa  p«rpeedicriilar  axea,  wtiile  the  larg«  mtnrori  are  fised,  tbt 
di«tortii>ti  of  Ogur«  maj  be  ciuilj  eorrectiid  bjr  tm^iog  the  bib&U  mirT<a'ni  antiJ 
objects  appear  in  their  true  pro  portions. 

If  tho  lenj«a  af  on  operft  glA»i  arc  iti«ert«Fl  in  the  instniTiiciin  tbo  eonvex  field- 
glasioa  being  iutforted  at  /and/*,  botwcen  Uie  birge  iind  dtnaU  luirrtorf*  aiid  tb« 
cjDcave  eyO'gliw»o$  between  tbe  eyes  and  imM  mirffer*,  the  effect  will  b«  to 
iacrouo  tb*  visual  angle  of  every  objcet  in  tlic  field  of  view.  If  th»  ^1«mc« 
ma^ntfy  aa  many  diameters  ai  tbo  distanco  b-eiw^ca  ihn  Ur^  mifrort  vjtcwodi 
the  dlHtaatiO  botW'&aa  ih«  fljes^  CTery  object  will  app^nr  in  its  duo  propor^ 
tions,  and  tbe  effect  will  be  ■u.rprieinig,  Tbe  ^jipeariinfe  wHl  bo  »■  tbougb 
the  obicrFcr  had  been  actaally  trttQ»porti?d  to  tUe  inntnciliato  yieiaity  uf  tho 
objecta  thetofolris,  Tho  di«ta»ee  botwoon  tho  Inrgc  raitrore  of  tlie  tftlottcfon- 
flf-'opc  should  not  oieced  tbe  brsadth  of  tin  ordinafy  winduw,  unli*»«  tt  iji  to  t>4 
uaed  in  Lbo  open  air,  when  it  may  bo  mA«lo  of  Any  dUnca«iani  tbut  are  4e4lrod, 
and  the  c£FL>flt  produced  will  be  in  proporiioa  to  it«  magnitiid^i 

525.  Th©  atereoacope  (from  (rr*/?cfJf^  solid,  ami  irxot^iut,  td  ftce)  i* 
on  instrument  m  cutistructed  that  two  flat  pictiiro*,  takou  under  certain 
cioditiunSi  shall  appear  to  form  a  single  aelid  or  pmjectiti^  b'jdy. 

la  order  to  produfiire  tills  illasian,  dlSoretit  irna^s  a«  observed  hy  ihv 
tvra  ^jes  mtiat  bo  depicted  oa  the  M«p<»inlve  retinfw,  and  yet 

nppottr  to  have  emanated  from  one  and  the  same  t)bj<ict  Twro  piettares 
are  thererore  taken  frotn  the  real  I  j  projecting  or  sulid  bwly.  tbe  one  as 


OPTICS. 


371 


frbserred  bj  the  right  eye  only,  and  the  other  as  aeen  hj  Ibe  left, 
Th^se  pknures  are  then  placed  in  the  box  of  the  stereoecope,  which  i» 
ruriii8li<Hl  Willi  (wo  e)^e-plecc#t  containing  lenses  so  conatrucled  that  the 
jmj»  protMseiling  from  the  reypectite  pkturest  to  the  cQfregpooding  eye- 
picocn^  ahftll  be  refmctcd  or  bent  outward,  at  audi  an  angle  aa  eiich  aet 
cf  rays  wcmid  hare  formed  had  tbey  proceeded  from  a  tioglo  picture  in 
the  centre  of  the  box  to  Ute  respective  ejea  without  the  mtenreation 
of  the  knaeA. 

It  is  an  axiom  in  optics  that  Ihe  mind  alwajs  refers  the  eituation  of 
an  object  to  tiie  direction  from  which  the  raya  appear  to  proccpd  when 
they  enter  the  eyes;  both  pictures  wUi  therefore  appear  to  have 
emanated  from  oue  central  object.  As  one  picture  represents  the  real 
OT  ppojectinp;  object  as  seen  by  the  right  eye,  and  the  other  aa  observed 
by  the  left,  though  appearing  by  refraction  to  have  both  proceeded  from 
thettime  object,  the  ien»ation  conTeyed  to  the  mind,  and  the  judgment 
formed  thereon,  will  be  precisely  the  same  aa  if  both  imagca  were 
derived  from  one  solid  or  projecting  body,  in  stead  of  from  two  pic  tu  res. 
Consequently  the  two  pictures  will  appear  to  be  converted  into  oue 
aolid  bodv.  40:t 

If  two  pietqru  of  sa  o«tab«droo,  as  A 
as«l  B,  103,  vach  lu  would  be  formed 
on  the  rctioic  *i[  two  e^cs,  mm  piaffed  ill 
lh«  iiejftdstope,  404,  they  give  to 
flM  pkwerrtT  ibe  idea  atm  real  iolid  «etii- 


UutlCAd  of  the  ordioapj  pkture,  C,    Photogtaphi  of  o»tar»l  secnefy. 
t*keTj  froita  tmit  paiitioiu,  whon  rtowed  id  ihit  i&tftnimcbt^  Appou  la  relief  llk« 

Tbe  eomtmetim  and  »otioti  of  the  ilereoaeope  will  bo  reA^Hj  undcrfttood  by 
twin^nea  ta  fig«,  405  iindi  406.  From  «  double  <s*ocaiFe  loiia,  ABA'  D,  two 
•MQbtrie  l*o««4,  reprtflcoUd  bj  iha  tmalkr 
'cirelea,  ar«  formed.  £  A  ^,  to  ib«  lower 
Pmri  of  the  dK^re^  reprHcnts  a  lratietcr«« 
tprlioD  4>rotift  of  lh»e  ececniric^  leDiei^  und 
K  A'f  the  ttlher.  Each  lens  ia  cquiFnIent 
to  a  trUnpiUj-  priim  E  A  witli  »  pUao- 
401  405 


eQted  l4  each  r^fkaeliof  Iimm  of  tb«  pmoL   Fig.  iHt^  Mhowu  a 
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■eoUon  of  the  stereoaoope,  the  eccentric  eje-lenses  A  E,  A'  E',  being  plaeed  at 
the  ordinary  distance  of  the  eyes,  with  their  thin  edges  towards  each  other.  Let 
P  and  P'  represent  two  corresponding  points  in  the  stereoscopic  photographs 
which  arc  to  be  examined.  The  rays  of  light,  diverging  from  the  point  P,  fall- 
ing upon  the  eye-lens,  are  refracted  nearly  parallel,  and  by  the  prismatic  form 
of  the  lens  are  deflected  from  their  course,  and  emerge  from  the  lens  in  the 
same  direction  as  if  emanating  from  the  point  0.  In  the  same  manner  the  rays 
from  the  point  P  also  appear  to  diverge  from  the  point  0.  The  same  is  true  of 
all  similar  parts  of  the  two  pictures ;  thus  the  pictures  appear  superimposed 
upon  each  other,  and  together  produce  the  appearance  of  relief,  for  which  the 
stereoscope  is  so  much  admired. 

The  eccentric  lenses  of  the  stereoscope  are  sometimes  fixed  in  position,  bat 
they  are  often  inserted  in  tubes,  as  in  fig.  404,  which  can  be  extended  to  adapt 
the  focus  to  different  eyes,  or  separated  to  a  greater  or  less  distance,  to  suit  the 
distance  between  the  eyes  of  different  persons. 

If  stereoscopic  photographs  are  taken  from  positions  too  widely  separated 
from  each  other,  objects  stand  out  with  a  boldness  of  relief  that  is  quite  un- 
natural, and  the  objects  appear  like  very  reduced  models.  In  taking  stereoscopic 
miniatures  especially,  great  care  is  required  to  preserve  a  natural  appearance. 
In  general,  a  difference  of  a  few  inches  in  the  two  positions  of  the  cameras,  gives 
sufficient  relief  to  the  pictures  when  seen  in  the  stereoscope. 

For  public  buildings  and  landscapes,  two  cameras  are  usually  employed, 
placed  on  a  stand  three  or  four  feet  from  each  other.  If  it  is  desired  to  show  a 
great  extent  of  a  distant  landscape,  or  to  exhibit  in  miniature  the  grouping  and 
form  of  distant  mountains,  two  stations  should  be  selected  that  are  widely  sepa- 
rated ;  but  in  such  cases,  care  should  bo  taken  that  no  near  objects  are  admitted 
into  the  picture. 

526.  The  stereomonoscope  (described  by  Mr.  Claudet,  of  London) 
is  an  instrument  by  which  a  single  image  is  made  to  present  the 
appearance  of  relief  commonly  seen  in  the  stereoscope,  and  by  means 
of  which  several  individuals  can  observe  these  effects  at  the  same 
time. 

Let  A,  fig.  407,  bo  an  object  placed  before  a  large  convex  lens,  L,  an  image 
of  the  object  will  be  formed  at  o,  in  the  conjugate  focus  of  the  lens,  and  from 
the  image  a  the  rays  of 
light  will  diverge  as  from 
a  real  object,  which  will 
be  seen  by  the  eyes  placed 
at  e  e,  e'  c',  or  any  other 
position,  in  the  cone  of 
rays  b  a  c.  Thus  several 
persons  may  at  the  same 
time  see  the  imago  sus- 
pended in  the  air.  If  a  screen  of  ground  glass  is  placed  at  S  S,  the  imag«  will 
appear  spread  out  upon  the  glass,  but  it  will  appear  with  all  the  perspective 
relief  of  a  real  object  An  imago  thus  formed  on  ground  gloss  can  be  seen  only 
in  the  direction  of  the  incident  rayA.  This  is  not  the  case  with  an  image  formed 
on  paper,  which  radiates  the  light  in  all  directions,  and  is  hence  incapable  of 
giving  a  stereoscopic  effect  in  such  circumstances. 
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T^t  iil«r«<MBimtu)ictk|¥«  oofisuti  of  a  kcrt5eD  of  gronnd  glwit,  8  Sj  fig.  4dS,  and 
iwo  eoQfei  A  I4,  D  L,  co  pltetd,  tM  to  forra  ima^M  of  two  it«t«ofcopio 

pLciiiret.  M  Mi4  N,  *t  tho 

tap^riiDiiQMHi  liD  itm  mnm 
fmri  of  tfae  scrMN  B  S> 
•Mb  |tktiin>  eAB  bfl  Men 
M1I7  bj  the  tmj* 
tsf  fiom  tbtt  photogrftpli 

bjr  hM«Ii  k  ttu  forni(Ml^  ir  tb«  ejca  u-o  pl«c«d  tliftt  th«  figbte^o  ie  in  Lba 
dimtioa  of  Ibonjf  comtDg  from  one  ]«qi,  and  the  tcrfl  vyo  in  tbd  dirveliun  of 
fVgrt  coming  fkvm  tb«  other  leoR,  tbv  ahjuel  will  Bpfhcar  iu  relief  u  in  (liu  aUirDo- 
•c«p<^  mud  Mvcral  ^rsqna  cmo  witocss  itie  t^ect  at  tbc  t»m«  lime* 

I  7.  Physical  Opticfl. 

I.   1?CTERFERC}CCE,  HIFrHACTJONt  rtCQBSSCINCl,  IC. 

527.  Interferenqe  of  lieht,— Tlie  Interference  of  vibratjtms  nnd 
wnires,  liaw  l*««(n  ftlreaily  alluded  to  m  tlie  theory  of  umiuhiimiM  (328, 

ti^i}f,  but  the  phcnomeDa  of  lumtDous  iDterference  require  mme  further 
L«i  A  B,  B  C,  Sg.  4Qit,  b*  two  plan*  niln-ors,  toUing  with  c«li  otber  ■  Tcry 
•Vtus         {rcry  nctr  100°) ;  l«t  Ji  beam  of  sntiUgbtt  estcrlng  »  d«rk  room  bj 
u 
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imall  opening;,  b«  brought  to  ■  focxia  by  »]ccih;»  L; 
If  Ihu  Ugbtf  diivergiag  frum  m  TtwuSf  i>  allowed 
Itt  GUI  fcij  obUqii«l;  apoa  lb«  tiro  mirrurih,  u 
•boim  in  tJtc  figure,  it  will  hv  reflected  m  if  divtrg- 
io(^  frvra  tw«  luiuinoua  pointi,  M  uid  N|  and  the 
|lig:bc  thiiLt  r«fleet«d  will  be  iu  &  condilioD  to  ioter- 
h,m*  Drmw  <)  P  fjcrpeodjcuUr  to  II  N',  from  a 
|K)iat  O,^  miilw»]r  b«twoeo  tbem.  U  U  cvidt^ni  ibal 
trerj  |»oiDt  in  th«  line  B  P,  will  be  equally  ditlatit 
fraia  lb«  Inwinoua  |iointa  M  and  K  ;  the  wavma  of 
Itgbt  vhif  b  l^ro««  tmth  olh&r  in  Ibe  line  U  will 
tbervfore  low  in  the  tiuat  phmse  of  vibr&tioti,  Asd 
c<inret|iitDtI}'  |>rcidor«  a  Hue  af  light  of  double 
Idtcafitj.  h«t  the  tmootb  rircalmr  arcs  rep  resent 
fba  pbaiMH  of  vl«Tation,  and  the  d'ulted  tret  phntta 
«f  dcf«««ilob  ;  thea  irbvrc  a  di>it«4l  Are  erop«ea  a 
■eiMtli  u«,  tiie  two  wmtci  1  boo  1 4  cotiDt«Tiu:t  each  other  and  prodiif!«  darltnet«« 
The  •pw  dots  rvpment  TibraJioni  meeLiog  in  the  ■ame  phaMt,  and  Ibn  b1ii«k 
dotii  ^vpropest  Tibratiobfl  nuKling  in  oppoiito  phat-e«,  wbiirb  prodace  darktioit. 
The  iijrattiielricftl  cunrei  fnrfa«d  bj  tbe  iiii*r»«ctic>Q  of  lighi  frnm  Lhc  two  pmut« 
If  mnd  ?f,  on  both  tide*  of      ««ntr*l  Hoo,  art  of  the  form  Jtnowo  in  geomttrj' 

Thp  tliaVtaef  un  «adi  niiln  of  ^Iw  Ytnts  Tl  V»  wlii^re  thm  littninniiit  wareii  will  b« 
ag^aiD  In  a  1lk«  ttalo  of  *ee<>rdAuee  reprcscotcMl  by  ibe  rruniug  of  ibe  imDoLk 
arrt  in  tbn  flc^r^  will  depend  oit  tho  intiTrftl  b«iwMD  tbem,  which  i«  dllFcrvnt 
for  dilcmut  eolur*  ;  fur  red^  it  ia  half  mm  mueh  again  m  for  %jo|«t  light f  fasnca 
3i« 
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the  distanee  bttwoen  the  oarrei  of  double  intensity  will  be  leMt  for  Tioki  light, 
greatest  for  red,  and  intermediate  for  the  other  colon  of  the  speetniin,  so  that 
while  all  the  colors  are  united  in  the  central  line  B  P,  they  will  be  Mparatsd  hi 
the  other  bars,  and  form  a  series  of  colored  fringes.  In  experiments,  this  serres 
to  distinguish  the  central  bar,  namely,  that  the  other  bars  are  colored  sy«- 
mctrically  on  each  side  of  iL 

Half  way  between  two  places  of  complete  accordance  there  most  oeear  a 
place  of  complete  discordance,  where  the  difference  of  distances  ftom  M  tad  H 
is  ^  an  interval,  or  |,  |,  or  |,  Ac. ;  and  according  to  the  nndnlatory  theoiy, 
there  would  be  complete  darkness.  Between  these  and  the  places  of  complets 
accordance,  there  would  be  intermediate  stages  of  accordance  and  diseordaaes; 
hence  there  would  be  bright  bars  shading  into  dark  ones,  all  more  or  less  colored 
except  the  central  bars,  where  all  the  colors  are  in  a  state  of  complete  aceordaaee. 

By  careful  measurement  of  distances  between  the  luminous  and  dark  hum, 
the  lengths  of  luminous  wares  of  different  colors  hare  been  rery  aeevratdy 
ascertained. 

528.  Facts  at  variance  with  theory. — ^When  the  atmosphere  is 
free  from  clouds,  and  the  sunlight  is  brightest,  the  central  bar  (whiob, 
according  to  theory,  should  be  bright)  is  found  to  be  a  black  one,  what* 
ever  be  the  material  of  which  the  mirrors  are  composed.  But  when 
the  sun  is  near  setting,  the  central  bar  has  been  seen  undoubtedly  a 
bright  one.  It  has  also  been  seen  as  a  bright  bar  when  the  luminous 
point  was  formed  at  a  hole  in  a  thin  plate  of  metal,  and  the  light  which 
had  grazed  the  edge  of  the  hole  was  used. 

The  existence  of  a  central  black  bar,  in  normal  circumstances,  where  the 
ribrations  must  meet  in  the  samo  phase,  is  thought  to  bo  inconsistent  with 
the  undulatury  theory  of  light. 

It  appears  that  light  is  so  modified  in  passing  through  haze,  or  at  an  opaque 
edge  of  a  small  hole,  as  to  acquire  an  oMatropy  or  inversion  of  properties.* 

529.  Interference  colors  of  thin  plates  are  seen  in  thin  films  of 
varnish,  cracks  in  glass,  films  of  mica,  variuus  crystals,  and  in  other 
transparent  substances,  as  in  soap  bubbles.  The  colors  of  such  thin 
films  are  due  to  the  interference  of  light  twice  reflected  by  the  surfaces 
of  the  film. 


Two  surfaces  of  glass,  prensed  together,  furnish  a  thin  plate  of  air  beti 
two  reflecting  surfaces.    Let  C  A  D  B,  fig.  410,  be  410 
a  transparent  film,  such  as  a  thin  blown  bulb  of  gv^ 
glass,  or  a  soap  bubble ;  let  S  A  B  T  be  the  trans- 
niitteil  my.  S  A  R  the  ray  reflected  at  the  first  sur- 
face, S  A  B  A'  R'  the  portion  reflected  from  the 
secdnd  purfnco,  and  emergent  at  the  first  surface, 
SABA'  B'  T'  the  portion  emerging  from  the  second 
surface,  after  the  two  internal  reflections,  then  tbo 
ray  A'  R'  will  be  retarded  behind  the  ray  A  R,  by  the  interval  n  m,  owing  to  the 


*  Potter's  Physical  Optics. 
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l«nglb  of  p»U)  it  hiis  t<*  tr»Tel  In  twice  tr»Ter«bg  tb«  film,  kod  B'  T* 
wtU,  i4  1^  ■iffillu'  fiiMaer,  full  licbmd  the  ray  B  T,  hj  tbe  interral  p  tf.  l(  Uieta 
teULftLfttioni  equal  tbe  isterral  of  no  oiJil  number  of  half  TiW&l:iuii»,  they  wUl 
inUf  r«r«,  tliej  originated  from  a  common  wmro,  in  tbo  raf  S  A.  Tbe  rvflciaud 
r«j«  do  f^Qt  tliffer  jgreittlj  in  tntennlty,  wbkh  ii  for  each  abuut  ODe-tbirliodj  Ibul 
of  ih«  iaeiJetit  light  for  glitf s,  and  therefore  tbeir  lotorfcrenco  prodocci  bljujk- 
tacM  wbrre  Lbej  d«sln»;  c»cb  otb«r.  Tb.«  trtojittiitted  light  bat  the  pnacipnl 
htAm  i»r]itU«  iDteniitj  tbao  Lbo  incident  Wun,  baring  loat  oulj  »boiit 
thijibUt  ptst  bj  r«a«ci:ion  at  eacb  of  the  poiota  A  and  B;  bqt  tho  intenBtiy  nf 
the  twice  reflected  beam  which  intarfcKJ!  with  it  in  about  c^tie-thirtietb  of  one- 
thirtieib,  or  one  otat^-bvibdredtb  of  tb»t  of  the  luvi^tnt  b^aoi ;  heoce  the  difler- 
«De«  of  tbe  inteoaitiea  of  tli«  bright  and  dark  budn  formed  hj  trfiasaiUtcd  li|;ht 
if  neiT'cr  u  gr«at  mi  in  tbo  refleetffd  beama.  But  the  difference  bctn c«n  the 
bH^bt  luid  dark  bandi  u  different  for  different  colors  of  the  Bpertrutd,  1>eing 
kaat  for  riolct  lights  and  greatest  for  ted.  This  faet  is  tbongbt  lo  bo  contrary 
to  what  tboutd  bare  b«eu  »p«ct6d,  lu&cording  to  tbe  undntalorj  theory, 

530.  Newton's  riugft. — If  a  plane  plate  of  poliahed  g1as9  is  pressed 
Kgamat  a  pluntMrotivex  lews  whos^e  radius  of  curTature  is  known,  tbo 
tiit«rfcreDce  bitDds  become  colored  rlngn,  md  the  exact  thickness  of  the 
film  of  atr      which  f  ach  color  is  produced  is  eaisilj  est!  ma  ted, 

7b«  form  of  tbis  apparatuf  if  jhowa  in  fig.  41],   Tb«  ktieri  and  frxplanitiou 
of  the  Bgure  are  tiuiiUr  to  tbe  prec^edtng.    When  the  two  gtaaici  mn  pr«ued 
•nffirteatl  J  near  together,  the  ceatr«t  appear  black 
bjr  rellect«d  light,  and  bright  bj  tranemiUed  light. 
Tbe  thicka#«i  of  tb«  film  of  air  where  the  lir«t 
color  appear*,  ii  eqnal  to  oc^-bAlf  tbe  retardfttioQ  \ 
produeing  that  iototi  hence  tbe  length  of  tbe  wave, 
or  vibr&,tic»a,  for  may  color,  it  eitimated  mm  equal 


to  twic«  tbe  tbi«kncis  of  the  film  of  air  wbc^ra  the  ^ 
color  appears^  Tbe  colorfl  aureced  each  other  in 
the  order  of  tbe  teogtb  of  the  Tibralioas  mrjuir'cd  W 
to  proditee  tbem,  A  pocoodj  third,  and  foartb  scries  of  calored  ring*  will  be 
foao^d,  where  tbe  thicknesi  of  the  film  ii  exact  multtpio  of  tbe  tbtekn«9a 
rfqnired  to  prodoce  tb«  Ar»t  ■cries^  of  colorf-  The  distance  between  the  first  and 
»«coDd  ■erics  depend*  on  the  rapidity  with  which  the  thick oeni  of  the  filtn 
laereaAea.  Id  tbe  caae  of  a  leos  pressed  again«t  *  pt«t«  of  glA?«,  tbe  diet«nfo 
bct«r««]i  the  glaifei,  or  the  Ibicknesj  of  tbe  film,  iDcreafea  u  the  fqiiare  of  tbe 
diilftii<it  fkxnn  the  n'titre.  The  diameieri  of  tbe  bright  riufs  will  therefore  be  aa 
the  aquarv  roots  of  tbe  nuioberi  1,  2,  3,  Ac.,  And  the  diamcteri  of  the  dark  ringa 
will  be  as  tbe  fquare  roote  of  the  tittmberB  1},  £1,  S^,  Ae.  The  diitance  between 
ta«4««aiire  rings  <«f  violet  will  be  much  lett  than  tbedJ*tan«.  between  fucceiiive 
ringi  of  red ;  one  *erie*  of  color*  will  therefore  OTcrlnp  some  of  the  culori  in 
t&«  #iK?ewding  8f  ric4  of  colored  imagei,  and  bj  their  admiature  produce  cu]or4, 
the  ■ucrtfsj'ivc  groupi  of  wbi«h  *»  deaignaled  ai  Kewtob'i  flrtt,  Meotid,  tbirdj 
J*.,  orders  i*f  voI*>rii. 

5^1.  Iieagtli  of  lacoitioas  waves  ox  vibratioiui. — By  such  means 
fti  Wfl  hAve  deB<;riljcd,  the  Ictigtlis  of  the  Tibrationa  required  to  produce 
4Uf«reut  culom  hiivo  beoii  e^liinitted. 
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The  following  table  ezhibits  the  nnmerieml  results  which  have  been  dediMl 
for  the  length  and  Telocity  of  lominous  ribrations  of  different  colors. 


Colon. 

Length  of  nndnlatlons'  Nomber  of  andola* 
In  pftrti  of  an  inch.  |    tk>D<  in  an  Ineh. 

Number  of  ondnlaaDai 

per  Mcond. 

Extreme  red,  . 

0-0000280 

37640 

458,000000,000000 

Red  

00000256 

39180 

477,000000,000000 

Orange,     .  . 

0-0000240 

41610 

506,000000,000000 

Yellow,      .  . 

00000227 

44000 

535,000000,000000 

Green,  .   .  . 

0-0000211 

47460 

577,000000,000000 

Blue,     .   .  . 

0-0000196 

61110 

622,000000,000000 

Indigo,  .   .  . 

0  0000185 

54070 

658,000000,000000 

Violet,  .    .  . 

0  0000174 

57490 

699,000000,000000 

Extreme  violet, 

0-0000167 

59750 

727,000000,000000 

According  to  Eisenlobr  (Am.  Jour.  Sci.  [2]  XXII.),  the  length  of  the  ribra- 
tions in  the  extreme  red  ray  la  just  double  the  length  of  the  ribrations  of  the 
inrisible  rays  beyond  the  riolet,  which,  by  concentration,  produce  the  larender 
light  of  Herschel.  The  entire  range  of  riaible  rays  differs  in  the  length  of 
ribrations  only  by  the  amount  of  one  octave  in  music. 

When  wo  consider  the  almost  inconceivable  rolocity  with  which  these  wonder- 
fully minute  vibrations  are  propagated,  it  is  evident  that  absolute  demonstration 
of  the  real  nature  of  light  must  be  among  the  profoundest  researches  of  physical 
science. 

532.  Diffraction. — If  a  razor  is  held  with  its  flat  surface  towards 
the  rays  of  the  sun,  the  rays  that  pass  in  close  proximity,  both  to  the 
edge  and  to  the  back,  will  be  deflected  as  shown  in  fig.  412.  A  portion 
of  the  rays  are  deflected  outwards,  appearing  to  suffer  reflection ;  the 
back  of  the  razor  deflecting  the  rays  outward,  more  than  the  sharp 
edge;  but  the  edge  of  the  razor  deflects  412 
more  light  Into  the  place  of  the  geometri. 
cal  shadow,  than  is  deflected  inwards  by 
the  back  of  the  instrument.  These  differ- 
ences are  represented  by  the  closeness 
of  the  lines  drawn  to  represent  the  rays 
where  the  greatest  amount  of  light  is  de- 
flected. If  the  body  interposed  is  narrow, 
like  a  fine  needle  or  a  hair,  the  rays  de- 
flected inwards  cross  each  other,  and  pro- 
duce the  phenomena  of  interference  in 
accordance  with  the  undulatory  theory.  The  rays  deflected  outward 
produce  interference  with  the  rays  not  deflected,  but  bright  lines  appear 
where  the  undulatory  theory  would  give  dark  lines.  All  the  bright 
and  dark  lines  are  bordered  with  colored  fringes,  as  in  ordinary  cases 
of  interference.    These  phenomena  are  best  seen  in  a  dark  room  by 
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Toolstif^  IhroQgti  an  ejcleua  ot  a  bair  or  occJle,  at  a  con  side  ruble  dle- 
ice  from  a  lamp,  or  bj  looking  at  a  benm  of  e untight  admitted  t@  m 
rk  room  between  two  iliarp  parallel  etiges.  The  rajtt  tbat  hare  been 
or  bent  into  the  geometrical  shadow,  are  not  as  rendity 
again  in  the  siunei  direction,  but  are  more  easily  defected  iii 
opposite  direction  than  raya  which  have  undergone  no  such  pre- 
nt»  cbiinge. 

$33.  FluoTBscBiice. — Cpipolic  dispersion. — ^Certaio  bodies,  as 
}r-spar,  glass  colored  yellow  by  oxide  of  uraoiumj  called  caaary 
st>lu|ion  of  aulphato  of  quintnc,  mriiMon  of  the  bark  of  tbo  hor^D* 
t«ttiut,  and  many  other  regetabte  infusions,  possess  the  remarkable 
srlj  of  N)  dispersing  stmie  part  of  the  light  pussing  through  them, 
kt  the  course  of  the  luminoua  rays  becomes  vliiible. 

'  These  pbtDonj^aa  %m  b**t  exhibited  by  liring^ifig  a  pencil  of  light  to  a  fo«nB 
tbe  interior  of  adj  of  these  9Ubft«a«c»t  by  me^KkDB  of  s  ooDvex  ktia,  wbeii  th« 
jBoarMi  of  tba  nyt  will  become  Tintble,  iboagh  tbo  portion  ibrOOgh  which  tha 
[hi  ptf»ed  hiLd  become  lelf^unainouii.  Tttc  raji  of  light  of  bigh  rcfran^ibiUly, 
ecislly  tha  riolct  •tid  tli«  ibvisibld  cht^tnk&l  rays,  are  eubjeet  to  tbij;  kind  of 
jrt'itin,  their  refrftOgibilitj  is  «t  tfae  aatoo  timo  changed,  and  probnblj  thn 
Igth  of  their  tamiiioua  watos  ia  increased,  so  that  rnja  prcTiout^lj  invisible 
%y  Iki  scea  by  the  eye.  Theso  phi^oomeDa  bivo  b«*Ti  called  by  rariotiA  tiauie«, 
M  lotern&l  dijtppr9iati,  cpipulic  diepcrsion^  uad  Au«n?af  cneo,  Tbo  latter  term, 
derived  from  fluor-spari  and  adopted  bj  Mr.  Stok«i,  \*  conjidered  iho  mure 
■pfiToprfat^  term,  *a  it  in r divas  do  tb&orj, 

Tbii  ebftDg«  of  the  rtfrnngibility  and  length  of  lumlaoKii  waves  la  anala- 
C«ai  to  thtt  chasg«  of  piteb,  in  rebooted  soundt  he^urd  in  certiia  retDArkabto 
eebfMst  { I  ^y^y 

534.  Phospbof  escence.—Ccrtaijti  bodice  a(\er  being  exposed  to  the 
iciioD  of  light,  acquire  the  property  of  shining  in  the  dark  (300).  The 
mmi  remarkable  phosphorescent  bodies  are  the  eulphureti  of  biirium, 
utrontium  and  cakium^  some  kinds  of  diamonds,  most  varieties  of 
fluoride  of  calcium,  particularly  the  Yiiricty  known  as  cbloropbane, 
compounds  of  lime,  tnagtieBiaf  soda  and  pota«h,  salammoniac,  BUcctnto 
and  oxalic  aeldH,  borax,  dried  paper,  silk,  sugar,  Eiugar  of  milk,  teeth,  is^e. 

The  tiDie  during  which  these  bodies  emit  light  vnrios  from  a  fra<stioE 
of  a  second  to  several  hours,  and  the  intensity  of  the  emitted  light 
TAriea  in  a  similar  manner. 

The  study  of  thrae  phenumaDa  requirea  the  nsa  of  delicate  apparalua  adapted 
the  purpose, 

1  The  rin>T*  rcfraiigible  rayi  tit  the  spDcirtun  in  ^pncml  iurl  mnrc  powerfnlly 
|iriMlur«  pbujpborcsccnrv  in  budiu«  cspuged  lo  their  inHoeuce  tbiin  the 

ibie  rayi,    In  aome  catt^a  ibc^  invisible  rHje  «r  tbe  ip^^ctntDi,  i.  f.,  Ibe 
ond  the  rMet,  prudiicts  u  brilltiuut  phoEpbori^aceiiee. 
Th*  Jfiut  reffnugiMe  ny*,  a«  ihe  i*r|,  nut  oo!y  genrmUy  producfl  tio 
fphoTPflrflniT*^  but  e*ea  cc»titiier»ct  tbo  iufloeDce  of  tbo  more  rcfraBgibl*  raji 
en  mtjed  wUb  iheui. 
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3.  The  wave  lengths  of  light  emitted  in  the  dark  by  phosphorescent  bodies 
are  in  general  greater  than  those  of  the  exciting  rays ;  t.  c,  the  phosphorescent 
light  sbovrs  a  color  belongiag  to  a  part  of  the  spectrum  nearer  to  the  red  than 
the  light  which  produced  it,  though  in  a  few  cases  the  color  is  unaltered. 

4.  The  refrangibilitj  of  the  light  emitted  by  phosphorescent  bodies  depends 
upon  their  molecular  condition,  and  not  merely  upon  their  chemical  constitation. 
Each  phosphorescent  body  appears  to  be  adapted  to  vibrate  in  harmony  with  the 
wave  lengths  of  some  colors  more  readily  than  with  others. 

5.  One  and  the  same  body  may  emit  rays  of  very  different  colors,  according  to 
the  time  which  intervenes  between  the  action  of  light  and  the  moment  of  observa- 
tion. This  last  result  shows  that  vibrations  of  different  velocities  are  preeerrad 
for  unequal  times  in  different  bodies ;  sometimes  it  is  the  vibrations  corresponds 
ing  to  the  le9s  refrangible  rays  which  continue  longest,  as  in  bisulphate  of 
quinine,  double  cyanide  of  potassium  and  platinum,  diamond,  fto.  SometioMS 
the  most  refrangible  rays  are  most  durable,  as  in  Iceland  spar. 

6.  Many  bodies,  such  as  glasses  and  certain  compounds  of  uranium,  owe  their 
fluorescence  entirely  to  the  persistence  of  the  luminous  impressions  for  a  very 
short  time,  not  exceeding  a  few  hundredths  of  a  second ;  the  intensity  of  the 
emitted  light  is  then  very  brilliant. 

It  is  probable  that  phosphorescence  and  fluorescence  differ  from  one  another 
only  in  the  time  during  which  a  luminous  impression  is  preserved  in  bodies. 

These  conclusions,  which  support  the  theory  of  undulation  as  at  present 
admitted,  prove  that  luminous  vibrations,  when  transmitted  to  any  body,  or  at 
least  to  a  great  many  bodies,  compel  its  molecules  to  vibrate  for  a  time,  and 
with  an  amplitude  and  wave  length  which  depend  not  only  on  the  chemical  con- 
stitution of  the  body  but  also  on  its  physical  condition.* 

535.  Colors  of  grooved  plates. — Fine  lines  engraved  upon  polished 
steel,  and  lines  drawn  upon  glass  with  a  diamond  point,  if  sufficiently  near 
together,  cause  a  beautiful  iridescence  by  the  interference  of  light  re- 
flected from  such  surfaces.  The  beautiful  play  of  colors  seen  upon  mother 
of  pearl  is  caused  by  the  delicate  veins  with  which  the  surface  is  covered. 

II.   OPTICAL  PHENOlfENA  OF  THE  ATMOSPIIERE. 

536.  The  rainbow  is  one  of  the  most  wonderful  and  beautiful  pheno- 
mena in  nature.   In  it  reflec-  413 

tion,  refraction,  dispersion,  and 
interference  of  light,  are  all 
combined.  It  is  seen  in  that 
part  of  the  heavens  opposite  to 
the  sun,  when  the  sun  is  less 
than  forty- two  degrees  above 
the  horizon.  The  shadow  of 
the  eye  of  the  observer  will 
always  point  to  the  centre  of 
the  circle  of  which  the  rainbow 
forms  a  part ;  hence,  as  tlie  sun  descends  near  the  horizon,  the  rainbow 


•  Edmond  Becquerel,  Bibiiotheque  Vnivtrtelle,  vol.  XVI.  p.  21. 
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liigher,  and  fts  the  bud  oaceDde  the  mortting  skj^  the  height  of  the 
w  iliiiJiniahe*. 

To  unilcrstaiid  liic  formation  of  thn  Tainboir,  we  maat  hrtt  evamiDc  thci  fteUoa 
«i  m  Atvp  of  water  npim  pii,rull«l  r&ys  uf  li^bt    Let  iLc  uirdtr^  4Kt, 

Ifprawml  s  drop  of  wAler,  And  S  A,  S  B,  ^ir,,  parftUci  raji  of  Jight  fAllmg^  npun 
.11.  Th^  TAY  S  A,  wbkb  falh  porpoudiiculurly  apoo  the  dropj  wilJ  lufTer  no  d«vtt^ 
Itioa  la  it*  direelion,  bat  will  b«  pa.rt]iilly  rvdocbcd  bnckwurcl  id  ibe  line  of  iuci- 
■■H^  tliougli  it  wiW  prmeipully  piifi  tbrough  th«  dro'p.  Tbo  my  f^<T,  will  bo 
HpMM  fr,  wbere  it  wiU  be  rtflected  to  And  wiU  emerge  in  tbo  direction  c< 
iMMlkg  It  eermin  angle  iritb  tb«  direction  of  Ibe  originiLl  ra^y  S  it^  Aa  tbe  distanca 
*f  llh#  itirtdleat  ny  from  A  incrcBecSf  the  emorgoDt  my  trill  make  A  grcnter  iiDgI« 
•  Lliei(l«uL  Rtj,  till  wii  Arrive  at  B,  wbere  two  9U0c«s»ivi;  rays  will  cinurgn 
•liowti  by  tbe  beatj  line,  S  B^^e/i,  wbieb  ctcrtates  moro  frum  tbw 
a  A  S,  Lhftn  ATix  rAy  incytiat  »t  a  gTeii4.«r  or  lesj  dutanco  from  A«  Aa 
(Twmd  frum  A.  townr^'b  th«  iJerialioa  of  ih&  em«rgeut  ray  will  Jimtnisb, 
'  <pwwj  wikj  bctw««D  B  and  C  will  cm«rg«  parallel  t9  0oat«  otbejr  ray,  which 
•glltTvd  this  drop  between  A  and  B  ;  S  y  wUl  etaerge  ib  «'  m,  parallel  to  e"n,  which 
•a1i«r«4  the  drop  at  the  ray  S  -ir.  The  ray  S  C,  wbkb  u  langeot  to  the  drop,  will 
b9  refracted  to  it  and  emerge  Id  the  d Section  Jt  o,  making  an  angle  ef  about 
twenty -flive  degreei  with  t  p,  the  Une  of  grcateftt  devmtioa. 

The  light  which  eoicft  the  drop  In  pArallel  ray  a  will  Ibercfore  emerge,  tpr«Ad 
%v*r  tbo  entire  tfpiico  betweea  ep  and  ■;  d  ;  but  hairing  its  greatest  intensity  bear 
the  dirceiii>»»  *  p,  atid  rapidly  dimitii^hitig  towards  c  d. 

If  A  1%  fig.  Ill,  represent  the  poAjlioH  ef  the  line  tp  of  fig.  US,  iho  dolled 
enrrc,  by  il#  height  abave  A       will  abow  how  rupirJij  the  intenitty  of  the 
light  UAmm  «waj,  at  the  diatancu  from  tp  iocrea£c»  411 
Urmmni  <d,  itherw  the  IP  ton  pit  j  i«  xero.  y- 

Sinc^  we  bavo  at  every  angle  between  t  p  and  r* 
|iarallel  rays  which  hare   traversed  diflereat  palb« 
through  the  drop,  wu  ihall  have  all  the  phenocsoaa  of 
Iriflit  mod  dark  b^od^,  pr^sduDed  by  interf«r«Q««, 

Tha  tnUsrieetion  uf  ibe  emergent  raji  will  fuml  A 
«aQjtie  eurre  k  tf,  tangent  to  tbo  circle  at  k,  and  ap- , 
proafahitig  cciaatJLtiily  t^  par&lluHjm  with  the  atyiDptolc  « /t,  wbti'h  it  will  nevor 
laeeL  If  the  emergent  rnya  b«twe«n  c  and  *  were  cxknded  buckwardf,  tbt-y 
ftoald  form  another  eaaitie  k  baTlng  «  j>  produced  bock  ward  f»r  \u  aiympkito. 
Tlie  eauBtid  earve  k  I,  eommenees  in  a  direeiiou  ]>erpeud]cu)ar  to  ihe  «urfaeu  of 
lha  drop,  atid  appronehes  tbo  a!ympiul«  without  ever  luuching  it.  The  eurvoi 
f/.  foriord  by  unwrHppinj^r  »  t1ir&a<I  from  tbe.  eatastie  k  ^,  and  7  r',  ft»ritied  by  a 
thnnd  from  the  eatittic  I  k,  show,  hj  their  ^radaal  aeparaiion,  ibe  ainoanit  of 
n  of  the  wavo  aurfajo*  of  the  two  «ctt  of  pamllel  raja  whioh  interfero 
H  t  p  and  r  di 

Aeeurdiog  t«*  tbo  unditlatorf  tfai«r7t  w«  tball  hata  bn^ht  bandi  wboro  iho 
f»yi  bavo  traversed  e^^aal  dltfeiuiou,  or  diststicot  diiToriiig  hy  any  nnmher  of 
vniire  irtbraliunB,  and  dark  bandi  where  the  rays  ditfor  by  an  odd  nnmber  of  balf 
»ihr*tkitL9. 

Tbeae  bfigbt  a«d  dark  h*nd»  are  readily  rcen,  with  proper  |»reefttitit*ni,  with 
ilj^Ht  fell  we  ted  from  a  drop  ef  water  f  u^peuded  at  lb  if  paint  ef  a  flue  gl«*  tub*. 
Iff^tuni  '        '  '  "luatie  light  i»  ujed,  thirty  or  ft^rty  of  ibt^M  bright  and  dark  handa 

JU:       1  u..  jf  the  Wight  aud  dark  baudi  rAnus  with  lh«  «i«o  of  tho  drop 
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from  which  the  light  is  reflected.  The  interference  bands  vary  also  for  the  dif- 
ferent colors,  being  nearly  twice  as  broad  for  red  as  for  riolet  light.  When 
white  light  is  employed,  the  first  red  band  only  is  pare,  the  other  bands  being 
more  or  less  confused  by  the  unequal  super-position  of  different  colors. 

If  we  consider  only  the  first  two  bright  bands  of  each  color,  we  c«i 
easily  explain  the  common  phenomena  of  the  rainbow.  A  little  within 
the  caustic  curve,  k  q,  fig.  413,  on  its  convex  side,  we  shall  have  a 
bright  light,  represented  in  intensity  by  the  curve  a,  fig.  414,  and  a 
second  band  of  the  same  color  at  5,  of  feebler  intensity.  As  the  refrae* 
live  index  for  red  rays  is  less  than  for  the  other  colors,  the  red  will 
diverge  more  from  the  incident  ray,  after  refraction,  than  the  violet, 
and  other  colors  will  appear  intermediate. 

Suppose  now  that  in  a  shower  of  rain  a  ray  of  light  from  the  son 
falls  upon  a  drop  of  water  at  r,  fig.  415,  and  is  reflected  from  its  posterior 
surface,  so  as  to  give  to  the  eye  the  415 
red  ray  of  maximum  intensity,  r  E,  a 
drop  below  it  will  give  a  violet  ray  of 
maximum  intensity,  v  E,  and  interme- 
diate colors  will  be  formed  in  the  same 
manner  by  intermediate  drops.  Let 
the  planes  of  incidence  and  reflection 
revolve  about  a  line  S  £  S,  drawn  from 
the  sun  through  the  eye  of  the  ob- 
server ;    the   position  of  the  drop 
from  which  light  can  reach  the  eye 
will  describe  the  arch  of  the  rainbow. 

The  radius  of  the  primary  rainbow  measured  from  the  extreme  rea 
was  found,  by  Sir  Isaac  Newton,  to  be  42°  V. 

The  purity  of  the  several  colors  in  the  rainbow  is  the  result  of  inter- 
ference, which  produces  dark  bands  for  each  particular  color,  giving  a 
clear  space  for  the  delineation  of  the  other  colors  of  the  rainbow  before  tlie 
first  color  is  repeated.  When  the  rain-drops  differ  greatly  in  sire,  as  is 
often  the  case,  the  different  colors  of  the  first  and  second  interference 
bands  overlap  and  mingle  together,  and  the  bow  is  but  imperfectly 
developed. 

A  secondary  rainbow,  with  violet  above  and  red  below,  is  formed  by  light 
which  has  bcou  twice  reflected  within  the  drops,  as  shown  in  fig.  415,  the  rays 
entering  the  lower  border  of  the  drop,  and  emerging  near  the  upper  border.  The 
pauio  principles  of  interference  determine  the  purity  of  colors,  and  angle  of 
maximum  intun!:>ity,  as  in  the  primary  bow.  The  hiss  of  light  occasioned  by 
two  reflections  accounts  for  the  feebler  intensity  of  the  secondary  bow.  In 
the  secondary  bow,  the  order  of  colors  is  the  reverse  of  the  primary,  violet 
being  outermost. 
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A  tptiriottJi  rainbow  it  «fl«n  »ccn  witbin  tbc  primniy  bow,  m  iliuvra  Rt 
117,  H^.  Hi.  thia  is  (aTmad  hy  iU«  strcnrul  lirigbt  baDtl  oncli  cntor«  the 
f*u«iiiou  afttj  mtvntlty  «.f  wbicb  b  rfrprc>?unU<i]  iii  6.  Gg,  414.  A  tbird  kimI  futiriU 
bftw  If  aUq  «on*cniiiefl  seen,  fUH  in(t:rior  to  tbc  (iccqtid,  but  tbe  oolw  tjf  iti« 
Utirtl  jmd  fourth  pnlurs  nro  5u  iauvh  uutigbd  tbiti  uulf  two  or  tbrco  »{i|>eftr  ia  atijr 
bow  iaterior  to  ibo  br^t  sipiirioua  buw. 

537,  Fos-bowa, — HaloB.—CproDaB.— ParJieHa. — Fug-tm&M^  wliich 
ar«  tforitelinies  seeOf  differ  from  the  r&mbtiw  by  the  extreme'  mitiuteiiesits 
of  iho  npfierulea  of  prat«r  from  whi«h  the  reflection  tnkea  place, 

if(t£o#  %ft}  pri&mattc  ring«  aeen  around  the  mn  or  tnoon,  Tarjing 
from  2°  u>  iO^  in  ilinmeter:  llieHe  &re  expkined  r^Ucclipn  from 
kninutA  crystals  of  ic^  (lualtng  in  the  atmoAphere. 

tC^ronoM,  encircling  tbe  luoun,  &rti  ronued  by  reflcetioti  from  tbo 
EiQr&aJ  ttirfiMjo  of  watory  Tapor,  the  light  thua  reBeotcd  interfering 
rith  direct  light  from  tbe  tamo  source.  They  generally  indicate  change 
f  voatben 

^trkslia,  and  bonds  of  light  passing  through  the  sun,  are  also  aUri^ 
bttied  10  reflection  frum  prisms  of  iats, 

ItaAJP  of  tbdiifr  pl4euoni«uji  recfuirc  Tor  thdr  ezplui&tjdn  ft  reStmneDtdr  invet* 
gig«tion  nat  proper  to  he  jmlrtxitiCGd  in  »Ji  d^tntuury  work. 

538,  Atmosplieric  refraotiou  causes  all  LtMiics  not  diretitlj  in 
tbo  ictiith  to  appear  more  elevated  than  they  -1141 
really  ore. 

Let  A  B  C  0,  fig.  410,  repr^a^at  lh«  exUmat  furfaiw 
thii  i'tai»^9pb?re,  kkJ  thu  ioDcr  rlrclcii  etriLU  of  in- 
i\»g  dcfisltj  uroaud  the  eartb^^       Light  frotn  i.ny 
t  the  bc«r«nt7  bodiet  lituated  at  a  ur  c  will  luflcr 
rvf^rMitioti  by  Bfer;  «tr»tniD  of  Rtr  more  dettae  tbao  tbe 
ftwBodiag ;  %ui  by  «  i;^radu>llj  iDcreuipg;  deiifilty,  ft 

mWi  mftde  to  tr»rcl  in  curved  Vmuft  utitil  vnteriag  tbe  eje  of  the  obfcrrer,  tbe 
^odicv  H  a  nad  t  will  ■jj|>c»r  iUaatcd  &t  h  and  d.  417 

539.  Xroomins  i»  a  term  applied  to  the  elevKtinn 
ob|e4:ts  at  sea  which  appear  raised  above  their  renl 

ffjuiitiou  by  atmospheric  refraction, 

I»l»udp  of  Leo  appear  tbui  reisvcl  ab<^ve  the  water,  titi>I  jtn 
laTCfted  iiTtttgc  h  icea  below  thfm.    Dintant  ve«*«]a  awmtMnH-i 
ppviir  alniT«  tbo  borijoo,  nbem  Ibclr  dislanc-c  it  io  $^mt  ttjiit 
ejr  would  L«  far  b«low  tlic  hnrisou  if  ibcy  ureretiot  etcrnlcd  in     '  -J^^j^' y^' 
pcafmn^?  by  eitriiiirilitiiify  rtfr^i^iitJiu  yJQ, 
Ib  pitcitUar  nlatci       tb»  utinrttplierc,  tblpt  have  appeared  ^iZ*.. 
In  tbe  vUud>,  and  o(Tasiftii.a>lly  nn  invvrlwl  imai;« 

billow,  wben  tbe  real  abi|}  wa4  atuttljr  bctnw  Iba 
iboMU  to  flg.  417. 

540.  The  mirsgo,  often  pcen  io  Egypt,  and  aandy  deterta,  ii 
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caused  by  ruys  reflocteti  from  istrata  of  atr  heated  by  the  bfiroutg 
Blinds,   Distant  u^gecU  rire  BQcn  rellceied  by  th^  hmtcnl  aLr  w  in 

41S 


the  waters  of  a  beautiful  lake,  wbtcb  disappears  as  the  thirsty 
traveler  approaches.  Tha  phenomena  of  tht  JniragQ  ar«  shown  in 
fig,  418, 

HI.   POLIRIZITION  OF  UGBT, 

54 K  Diiection  of  luminooa  vibrationa.— The  phenomena  uf 
polarized  Ugbt  are  justly  regarded  as  the  aio8t  ijronderful  in  thv  whnh 
suience  of  optics.  These  phenomena  are  moat  readily  explninod  ajid 
understood  by  referenee  to  the  uudulatory  theory.  It  lias  be'en  alatetl 
{30S)  that  the  vibrations  of  light  mOTe  at  right  angles  wiili  lie  dlreo- 
tion  of  the  rayiH> 

Tbis  ^pericA  of  vibration  maj  be  iltustratod  hj  thOM  «»f  n  eonl,  a)ii4«  Cut  it 
one  DQti.  ttmi  uiov«ti  rnpiflly  upwnrd  and  tluwdwftfd  by  ihv  hAiid  «hi.kin;g  ike 
otb^r  cAtremity^  a»  ihown  In  tg^  ■^19.  If  419 
wo  9U|fp«Bt}  fttintht^r  rord  vihratin^  rruQi 
right  to  It;!!:,  and  ullnars  ia  erery  ihIrt- 
mcidlabo  direction,  may  farm  >  t<»lcnVdy 
otcur  td^a  of  the  Yibnttkms  of  a  follcelion 
of  Tays  in  a  lit?»ni  <jr  nrJinwry  light.  A 
I'lPglfr  tumlnoui  ntoni  may  be  euppci»crd  to  onginate  iribr»tioni  moving  m  wlj 
■  single  pluie,  but  aa  iuHnite  uuiubcr  of  in4«p«ndvat  latniuuiiji  atom*,  eua»U« 
tutiBg  a  lurainouj  body,  will  pruduee  riLmtiooi  moving  in  ^l^ry  j^ts-iilijc  jtlaap, 
whioh  maybe  tUoitratod  hy  ruvolvinj;  ibnt  plnno  aruuud  tliu  line  r«prr«mjiif 
Ibti  dirctslion  of  Ji  rny  of  i^nmitioii  ligbt. 


5-42.  TtantmiMioa  of  lamiuona  vibrations. — Opat^ue  suhfctnnce'* 
allow  DO  luminous  vibratlona  to  pass  thruugU  tiicm.   Some  Itodiet 
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U  Bcsurlj  nil  the  luininous  Tibrationa  which  fall  upon  tbm ; 
Mies  are  cmftable  of  trait^mitiing  utily  thuii«  vibratiotis  oi  li^lit 
Mhtjutipd  in  II  B)TTj;Te  ptnne,  or  tlmt  portion  of  tite  tibrntln^  ffifcc  ^Itiuh 
cim  be  resotred  into  Yibrations  in  that  plane.  Other  bodies,  cnpnUle 
of  Tibrfttitig  in  two  dire<?ti(itjs,  reduce  all  the  vibrJitlotis  which  ihcy 
Lrativmit  to  Tibraliona  in  the  two  planoa  in  wtiieh  those  bodica  ihetti' 
•ches  arc  cwpatTe  of  vihraiiiig*  Some  InvdicH^  by  retison  of  the  position 
in  wbleh  no  incident  benni  of  light  faUn  upon  them,  alter  the  tlirection 
uf  tlie  tibrationis  -which  they  transuiit,  and  thus  produce  ft  beam  of 
Hgbt,  whose  vibrations  are  all  limited  to  a  single  plane, 

543.  Cbange  produced  by  polarization  of  light,~*A  bcftro  of 
li^hl  i«  Wild  to  bft  piano  polarized  when  all  its  Tibrotiona  move  iti  a  single 
plane,  or  in  planea  parallel  to  eaeh  other.  This  mnj  he  illustrated  by 
%  boniilc  of  stretched  cords,  nil  vibratmg  in  one  direction.  If  the  cords 
differ  in  staro  or  tension,  tht*  lengths  of  their  vibrations  will  diflcn  Thi« 
may  illn«tnite  the  vibrations  nf  different 
colors,  which  tary  in  the  lengths  of  their 
Tibmlions  (531]<    A  round  rod  amy  be 

to  reprej-ent  a  Bmall  Imm  of  t'l'nn' 
n^ht,  and  the  radti  ^hown  in  fig, 
420  may  represent  the  transterse  vibra- 
tioaa  by  which  light  is  propn;;ated  in 
crrdinnry  media,  IPig*  421  will  then  represent  a  transrerfiC  section  of  a 
polarised  beam,  with  vibrations  in  pknes  parallel  to  each  other. 

544.  Heaolntion  of  vibration*. — The  principle  of  reaolutioa  of 
forces  (50)  will  enable  us  to  understand  how  vibrntiona,  in  an  infinite 
oumber  of  plane*  paf'jsjng  through  iho  general  direction  of  a  beam  of 
light,  mny  be  resolved  Into  vibrations  in  two  phvnes,  making  with  eaeb 
other  any  required  angle.  If  0  E,  fig.  422,  represents  the  direction  and 
intensity  of  a  riUration,  it  will  be  equivnient 

0  a  and  0  in  nseSi  at  right  nngle^  to 
other.  Vibrations  represented  by  0  F, 
and  0  U,  may,  tu  the  same  manner,  be 
re«olircHl  into  vibrations  in  the  axes  A  B  and 
CD.  Then  Od  +  Oa' +  06  +  Oi'  will  ^1 
repriSKeiil  the  intensity  of  the  resulting  vibrsi* 
tions  in  the  ftils  A  B,  and  0  c  O  O  fi 
•f  0  will  represent  the  inteni«ity  of  the 
Te*iiUin^  Tibratioim  in  the  axis  C  1>,  If  we 
thus  ppgotre  vihrotinna  in  an  infinite  number 
f>f  planes  into  vibrution*  in  tha  nses  AB  and  CD,  the  suui  of  the 
Iting  intensities  in  the  axis  A  B  will  be  exactly  equal  lo  the  sum 
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of  the  intensUios  io  live  axis  CD.  A  roy  of  common  light  mny  thct 
fore  be  conaiikred  as  consinUng  of  vibnttions  movittg  in  two  )Tlaiiie» 
riglit  angles  to  each  other*  Any  medium  that  will,  either  by  ita  jw*' 
tion  or  internal  cuQslituttnn,  s^piiriiite  light  into  two  parti<»  vibrftting  i 
pUnea  at  right  anglt*^  to  ettch  otber,  will  produce  tlmfe  change  deno  ' 
ttated  iHdartJSfttion  of  li;;ljt. 

545,  Light  polarised  by  absorption. — Cortuin  or js tain  h»vo  (I 
remarkable  prop  or  tj  of  polnriiting  all  the  light  whiish  pas«ca  throng 
them  in  particular  directions,  Thej  appear  to  absorb  part  (if  ihf*  ligh 
and  cause  the  remainder  to  vlbrntc  Jd  »  single  direction  only. 

If  a  tr»n«|»9rQ^;it  tourmiilitic  in  cut  inla  jtlntittt.  Dn«-lbtrii(*lfa  of  lua  inrh  tU 
and  polbhuJ,  the  ptaii?  oT  i-uL'Uon  being  parslbl  to  the  vciticul  uxn  nt  I 
hexagonal  pripru  in  which  thi^  mineral  crj'EtljiUitcj,  (bti  Wf^hi  tmnatniitvfi  ihimi 
BUieb  11  jiUtti  will  bti  poIaHitiMl.  If  a  socoijii  pUt^  i*  plumed  pitrB^tkl  Ut  ihv  flrd^ 
K»  eliowti  in  ft^.  1^:1,  the  light  traaninitted  423  4:^4 
tbrougb  Ihc  first  pbt<  will  bs  traua- 
mit.l«{]  IhroDgh  the  siseonil  plnte  ;  but  th« 
light  will  bo  tMitirclj  obstructed  if  tbq  a^Lj 
of  ihv  Mcotiit  jiliitcr  is  placed  at  Tight  an^kfl 
with  Ui(it  of  the  dtslf  as  thown  in  41! 
A  platQ  of  touriaaliue'  beoonne*,  theniforCf  a 
eobvenicat  me<»n«  of  poltrifing  light,  and 
alera  an  inslruiBctit  fqr  Uetcrmioiiig  whether 
a  rkj  of  light  hua  boco  polarizcHl  b/  ath«r  rDfrtiFi  :'  A  i  Kurmnltae  plate  io  msed  )i 
called  ao  aualyzcr.  Crjsta.tlin&  plntea  of  sulpliutc  of  ii>do-qiltiilli«  (i^aHfid  llvra- 
ptithtte,  from  ih^  name  of  ibclr  di;^coTerQrr  Mr.  Hcrii|salh),  act  ta  all  reipveli 
likv  ijf  tLrurm&lin«, 

Folanzatioti  hf  reflection. — Whea  light  falls  nfon  a  tmn*' 
parent  medium,  at  atij  angle  of  incidence  whateiver^  some  portion  of 
the  tii^ht  is  refleeted,  When  the  iocident  light  falU  tipun  ili«  Dieditim 
at  a  p:tfticiilar  an  <^Ie.  which  Tarieawith  the  nature  of  the  »uh«tnQce,  ail 
the  reOiiictcd  light  is  polarised. 

Lut  O,  0.  fig,  435,  bv  a  plnle  af  g\%$§  at  aoj  athar  trasppftr^nl  in«d4uu»  nad 
let  a  T*y  of  ligbt,  a  A„  fall  upon  it  at  such  an  angle  that  tho  reA»«ted  tmjt  i  «» 
ahal)  iiiak«  an  angle  of  00*^  with  the  refnutcil  ra.T. 
ft  tf,  thoa  the  reflected  ray  A  f,  which  rcprfj^cMit«  but 
M  pmall  porHon  of  thu  iacidetit  tight,  wiJl  be  pidttri^ed. 
If  tltii  mttdinm  ia  botmdotl  hy  parallel  gurfar^s.  th« 
portkn)  of  ibo  li^bt  rL-Qocted  front  the  feoond  mrtu^ 
will  also  Im5  polw-r'i*fd^ 

The  KHgte  wf  pubrUation  by  reflflciion  msiy  t*o  d*- 
tertuiupd  by  tba  followmg  l»w,  Th*  t,*^>ji*->it  *</  the 
amjlt  tif  iH«iiit»em  far  HtJkieh  tk*  rpjlfclcft  in  p<iiar  iu*i,  I'w  t<jria!  f 
©/  rr/^'tiptiuu  /or  lAr  rejffcettn^  mttt{nm,  Tbi»  l«W  vupjtoivt  Iho  rvrl 
Mtnucii^  miiFt  d(7(iiD  tbnn  tb«  ^rrouiuUng  iii«<diuti}.  If  thu  li^ht  i«  r>  '' 
fcruutl  iiirfa«c.  u*  wben  itofiiu^;  frc»iii  )ila»t  of  iTa(cr  iuLu  air;  i 
t^fatti^H  rq*tnl*  the  potunytni  «f  fht  atttjif  nf  jmfiteitntutn.,  Tijt  [  ....  :  ^ 
angl*  for  refleetioa  from  £I*m,  Ii  reckanvd  from  Iho  pii>rpcodiimiar. 
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Tb*  |H!il&ri(injc  tm^la  fur  waU'r  i*  53"  U*,    As  llio  inJex  of  fufrftcUon  vjiriija  for 
irTfrvial  rnliira,  the  jiolaniiing  Aii^le  v»rirs  in  the  gatOO  mn&ner. 
If  a  |m1jtrii£(.Ml  rgty  r«lU  u]mii  a  rcfli>cllH^  eurrttcn  at  ibe  fttig1«  of  polarbatioti^ 
■nd  ih«  Tcfl^ycring  smfmcvi  is  rotau-d  around  the  42^ 
pulftrixvd  rat  h3  an  mxibj^  wben  it  ia      plocrcd  tbnt 
tb«  plaiii*  of  lufideocc  oarr«9|joa<J»  iriLb  iU«  |j|ano 
wbirH  thfl  r»y  wjmi  poUntp*!,  tiw  pQtarix«d  light 
Wll]  l*c  f«Opi«te»l  janl  a?  if  it  were  oo't  pularked; 

ul  *hf«Ti  tb«  filooc  or  inciiicnep  makofl  a.D  angle 
of  90'^  tfitb  tlie  i^'Unc  of  pnlarization,  tho  ]i^bt  is 
ntircty  lnt«rc<rpl«4l,  lu,  ibowD  in  fig  128,  I«  tbis 
V««tHrcl  a  reflecting  vtiriw^i;,  at  tbe  proficr  »agle  of 
]iickt<?n(re,  f^rviift  ibe  pnrpoio  of  an  aaaljier,  jmt 
like  a  |iluto  of  tQurmarkno. 

FoUtization  by  metallic  re flectLon.— To  obt  iiri  i  i  ; 
|KiI»rUed  lijrbt  bj  reflation  from  metallic  plates,  llie  liglu  iiui^t  be 
r«0ect«il  mnnj  timefi  at  the  angle  moftt  fav^ornblc  to  pohvrixatlon.  A  my 
of  Itj^ht  oo<:e  reflected  from  a  metallic  pintc  nt  the  most  favorable  anf;le 
pp«af9  to  consist  uf  light  tibrnting  in  two  pianos,  in  one     winch  the 
of  vibration  b  retarded  from  0  to  ^  *»f  a  vibration  behind  the  light 
;.ting  in  tlie  other  plane,    Thta  i&  called  ellif/tical  pohrizaHon. 
When  lilt*  two  planes  of  vibrBtion  are  at  right  nnglea  ti>  each  other, 
ind  the  plia«e«  of  vibration  differ  bj  |  of  a  viljnUmiii  tho  light  is  aaid 
lie  rirciilarltf  pitlurhfd. 

The  dittinutiiJ,  i^ulptuir,  unit  nit  bodies  ^iO!tBeii»iTig  tin  adanmntino 
Ue,  produce  elliptii^Al  pobLnxiUloti,  Atid  if  ettipiived  as  abulvziiig 
or»,  they  rhiiTif^o  pltuK?  polrtrixcd  to  elliptically  pttlariicd  light* 
in^estij^iitioa  of  these  varietiea  of  potariicd  light  would  exceed  the^ 
UtniM  of  an  elementary  work. 

M7.  PolatisaUoii  by  refraction. — When  light  is  polarised  bj 
^reflection  from  either  the  first  or  the  RCcond  surface  of  a  transpftreut 
■MAiiinu  a  portitm  of  the  trnnsiuitted  ^ight  i»  polarized  by  rcfrnetit>n. 
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i  wuount  of  light  polnrired  bv  refraction  is  just  equal 
to  tbe  amount  ptilanEcd  by  reflection,  but     the  onioimt 
ef  light  transmitteJ  by  trnnsiparcnt  substnoceis  very 
nmob  exceeds  the  amount  reflected  from  their  aurfncefl, 
(Wily  a  email  portion  of  the  trans^mitted  raji  are  pnlar- 
.«d,  or,  more  properly,  the  light  tranptnitted  through  a 
ifigle  (jlalo  i*  but  parfiaih/  pniant^'d. 
MA.  Folarlsation  by  aucccssiTe  refractiooB.^ — 
fa  ray  of  iip;hl,  K  R',  is  tran*tiiitted  oblb|uely  Ihrooj^h 
ntimber  of  parallel  transparent  pIuteA,  as  »hown  in  fig. 
(27,  a  |>ortion  of  the  light  ia  polarised  nt  every  refrao- 

1,  Bed  alXer  a  aulScient  number  of  refractlonij  llic  whole  of  the  Irnne- 
light  h  polarised, 
3A« 
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Ligbt  polarized  by  refraction,  is  polarized  in  a  plane  at  right  angloa  with  the 
plane  of  polarization  by  reflection.    Light  polarized  by  reflection  ribxatas  M 
right  angles  with  its  plane  of  428 
polarization,  or  it^  plane  of  reflec- 
tion, as  shown  at  B,  fig.  42S. 

Light  polarized  by  refraction, 
vibrates  also  at  right  angles  with 
its  plane  of  polarization,  hut  pa- 
rallel to  its  plane  of  refraction,  as 
shown  at  C,  fig.  428.  Light  not 
polarized,  though  vibrating  in  an 
infinite  number  of  planes,  is  equiva- 
lent to  a  system  of  vibrations  in 
two  planes  at  right  angles  to  each, 
as  shown  at  A,  fig  42S. 

549.  Partial  polarization. — Light  reflected  or  refracted  at  any 
oblique  angle  is,  in  general,  partially  polarized,  and  by  repeated  refleo> 
tions  or  refractions  the  degree  of  polarization  is  increased,  until,  after 
a  Buflicient  number  of  reflections  or  refractions,  it  is  apparently  com- 
pletely polarized. 

Let  M  N,  fig.  429,  represent  the  plane  of  refraction,  and  A  B,  C  D,  the  axes  of 

vibration  for  common  light,  then  by  repeated  re-  429 
fractions  these  axes  will  be  gradually  made  to 
approach  each  other,  until  they  sensibly 
as  shown  in  the  figure,  when  the  light 
bo  completely  polarized.  The  portion  of  light 
rofluctod,  undergoes  a  similar  series  of  changes,  until  the  axes  of  vibration 
sensibly  cuiucide,  in  a  plane  at  right  angles  to  their  position  in  light  polarized 
by  refraction. 

550.  Doable  refraction  is  a  property  In  certain  crystals  that  causes 
the  light  passing  through  them  in  particular  directions  to  be  separated 
into  two  portions,  which  pursue  different  paths,  and  which  causes 
objects  seen  through  the  crystals  to  appear  double. 

The  most  remarkable  substance  of  this  kind  with  which  we  are  familiar,  ia 


lally  made  to     «  , 

libly  coincide,  f<t^  .^yS  /HA 

;ht  is  said  to  i4>;  -\J\^J  \A^f   \  \J 
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Iceland  spar,  or  carbonate  of  lime,  which  crystallizes 
in  the  rhombic  system,  as  shown  in  fig.  430.  The 
line  a  b,  about  which  all  its  faces  are  symmetrically 
arranged,  is  called  the  major  axis  of  the  crystal,  and 
the  plane  a  cbd,  passing  through  the  axis,  and 
through  the  obtuse  lateral  edges,  is  called  the  plant 
of  principal  nectiuu.  •'•"•0 

If  a  crystal  of  Iceland  spar,  from 
half  an  inch,  upwards,  in  thickness,  is 
laid  upon  a  shoot  of  paper,  on  which 
are  drawn  various  lines,  they  will 
appear  double,  as  shown  in  fig.  431. 
A  B,  C  1>,  E  F.  (i  II,  arc  the  real  lines,  seen  iu  thiir  true  ptmitions.  The  dotted 
lines  show  the  position  of  the  additional  Hues,  (.-ausud  by  extraordinary  refrao- 
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liutj.  TIjc  lifte  A  B,  in  ibe  pUnn  of  priucipml  lection,  U  not  doubled,  Auj  lioo 
i^atiUl«l  tu  A  is,  vf  in  aUu  uppuuf  eip^Io. 

Tii«  Ln«i«x  of  r»frs«tioD  for  th«  ordinary  my  rcmnmf  <^(*ii»tiitit,  iu  whntcTvr 
diroelttin  ligUi  (iKvacti  thftiu^h  the  otj^iU-U  Tlie  ijvdux  of  rofrftctvon  for  ttio 
•xtrftoriliottry  tmy  ,  mhm  [sarulM  to  the  ub,  ic  tJio  »(mj«  w  timl  tiif  lite  t^rdinnry 
tAjr,  nn4  dlff«ri  mn^t  rrom  tbo  oniinary  ray  wIicd  it  patsc«  through  the  t'ryainl 
jMt  Tigbt  YfUh  Urn  itxia. 

The  indos  t»f  refrnrCtioii  for  the  ordinary  ray  in  Iceituid  spar  m  con- 
itiuitJjr  1. 65*13  =  m.  Tie  iinles  of  refraction  for  the  eitriiord[tn>ry  rny, 
It  mokes  an  nngle  of  M°  witb  tlie  major  asis,  is  L4833  =  n,  Lcl 
tlwj  un;;le  wliicli  tlie  extrjLorditinry  my  rnukes  with  the  luajor  axis 
in  titty  other  poaiiion^  and  let  iV=  the  e&rrespoiiding  index  of  refraction 
for  the  e^trourdinarj  ray,  its  value  may  be  detertnined  by  the  ft^llowing 
formula : — 

A'  —  l/m'  -{-  {n*  —  rn^}  siti'j-  =     21601  —  0,5S(i5  tdn^jt, 

551.  Positive  and  negative  ciystals. — Posiiire  cr^sfals  nre  thme 
In  which  the  index  of  refrnetiun  fur  I  he  extraordiiiRry  ray  is  greater 
Itian  fur  iho  ordinary  ray.  and  the  extraordmary  rtjy  Ib  refracted  nearer 

the  axis  than  the  ordinary  ray.    Quartz  and  ice  are  exompleB  of  Ihia 

Kt^atiit  aytiats  are  such  as  hare  the  index  of  refraction  for  the 
Extraordinary  rny  less  ihan  for  the  ordinary  rajf  the  extraordinary  rny 
sing  refmcted  fartlier  frcitn  the  axis  thim  the  ordinnry  ray.  Icelftnd 
[•par,  tourmaline,  corundum^  sapphire,  and  mica,  are  examples  of  negnh 
jit^e  crystuls. 

Some  eryttak  hare  tvro  axea  of  double  refraction,  as  nitrate  of  potaah, 
mlphate  of  barytefi,  and  some  Torieties  of  mica, 

552,  PDlariftatlon  hj  doable  refiaction.^ — When  the  light  trana- 
litied  thmuj^h  n  doubly  refracting  fiubetance  m  extiniined  with  an 

^ftnalyxer,  it  is  found  thut  both  the  ordinary  and  extraordinnry  rays  are 
'Cou]j*1etely  jvilarized,  vibatever  li&  (he  ctnlor  of  the  light  employed.  Tim 
iaurmaline  plate^  or  otiicr  nnaljiter,  iriJI,  in  one  position,  transmit  tiie 
orditiary  ininge  and  wholly  intercept  the  other,  but  when  43,2 
tite  touriimUne  has  been  rotated  90'',  the  ordinary  ray  is 
intercepted,  and  the  extraonlinary  ray  is  tranamitled, 

Nieora  sin  fie  image  priam  is  an  instrument 
formed  of  Iceland  spar,  by  iviii^^jh  iht?  orditiary  image,  pr<«- 
iuwd  hy  (h«ubl*j  refraclion,  iH  tl*rcjwn  out  of  the  fi^rld,  and 
only  n  single  imag<?  (iha  extniordinary }  i*  tratigrnitted, 

elguj^Ait.'tl  priaia  uf  loclHDiiJ  fjmr  iiii  rat  tbmugb  by  »p|«ii«^ 
,  At  nghi  »ngl<*4  irith  th»  prinripiU  BcrLioHf  frum  tfaa  o1)ta»ii 

i*r»l  «j4jj«  K.    Tlie  iartuin*]  tw,  I*^  Ia  ^roitad  ummy,     u  tit  roftke  Mi  angle 
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^  SS"  "witti  tHo  obtus*  litkTDl  edgp,  K,  nnd  the  oppoiite  fiwe,  P',  t*  ground  h 
the  ume  tnimuer.    Atl  tie  uaw  faces  are  carefully  t*^))>(b<:<3,  Mid  tho  two  pnrti 

prcTiDitBl;  opcuj'ittl.    Tiio  luNriil  (sl^cm  uf  tbis  cnmrioiiDd  prigm  tjte  mil  fialDk-^l 
blAL'k,  leuTiog  onlj  tbo  t^rminnJ  Int'p)  for  the  triuttmisitoQ  of  433 
light.  . 

When  a  rmj  of  ligbt,  ri  ll^,  A*iS,  falU  ti\wn  th\$  pTi«in.  it  it 
frnuUfd  itslo  tbe  ordmary  raj  6 and  tbe  cxiraordinary  ray  bd.  Tb« 
imlcx  of  rofr(Wtiwn  of  Ic&land  spar,  for  tbo  oriUnary  r»j,  bciuf  l.S54j 
And  that  of  babam  Only  1.^36,  tbis  ordinar;  raj  cannot  pass  tlirougb 
tbo  balsAiD,  ODleis  the  iucidciH  rny  dwtrgcB  widolj  frotd  tb«  ftxis 
of  tbe  prlim,  but  it  jsufTers  tolal  ri^QeftioD,  and  h  nbsorb^d  hy  the 
black cn(?d  eid«  of  tbe  prism,  Tlie  eslraordioary  raj  has  a  refrac' 
live  index  ia  th«  Icotand  tpfkt  g«iieraUj  lass  than  in  tbfi  Italiaiu^ 
vrtrjinif,  for  Nii-etrs  prism^  between  1.6  and  130;  tberefgrc  it  fiiM<i>«e 
tbroii^h  ihts  balaniu  irilo  ttic  U>wcr  pnrt  of  the  prtjitn,  nod  ciu^rgo 
in  ihn  dircftioti  17  A,  parallel  to  the  Itioidvut  raj, 

Tlieae  prisma  aro  ea.pable  uf  Iran  jui it  Ling  a  color! bab  pencil  of 
light,  p«rf«otlj  i^olaruddf  from       to  27^  in  breadtb. 

554.  Polarizing  Instxanients  itre  nmde  in  n  Tfiriety  of  forn»9,  ta 
puit  parlicutiir  purjioi^es,  A  ^lisiijilc;  instrament,  nnd  yot  one  of  tbe 
most  ccmven lent  in  tt^efur  exhibiting  th^  pKenonienii  of  jnilumetjl  liglit, 
ia  showD  iu  fig.  434. 

A  mirrar,  M,  miuk  i*f  plate  gtAAin, 
eor^rod  «ith  b?uck  rarDish  or  cloth 
on  tho  back,  nr,  butttT^  a  butitUo  of 
ten  to  twutitj  Ibiti  platen  of  polished 
^IcuiB;  b  Euu untied  a  m«bi:rganj 
puj^iport  at  the  potari^ing  nogle.  A 
Nik^crl'j  ptUm^  ur  a  iDurmaUuu  |>!flte, 
at  E,  serves  as  an  analir^cr,  Tbe 
ob)ov^ts  to  be  ox^uitded  aro  mnuntcd  id  disei  of  wood  or  Corkr  and  supported  ■£ 
A  or  B,  wbcr«  tbtj  are  iiiaat  dislmctly  sdod  by  the  eye,  looking  through  tbe 
&naljxer,  Tbe  aLudent  who  hati  col  a  tourualioe,  or  a  Kicot^i  prltmi  ran  uie 
as  nti  analjEcr  a  mail  piece  of  plata  g}ta»t  muutiled  bo  as  to  rotftle  on  ao  axii 
paraJlol  to  tbo  bn^c  tif  tho  i»«trumeiit. 

Pulartzed  liglit  mny  be  Applied  to  the  microscope,  by  nioutiting  m 
Nioal's  pri^m  beneath  the  etage  a  yularizcr,  and  anoth^F  fur  an 
jinalyier,  in  ihe  body  of  the  nueroscnpej  nb^vc  the  objet*t  glass. 

555,  Colored  polarisation,— When  a  tliin  phvte  yf  etslcnite,  mica, 
or  any  other  doubly  rcfructing  substance,  ia  pbtced  between  tlie  |K>lftm«r 
and  tiic  anjilyzcr  in  tlie  puiurlscupo,  the  light  h  neparnted  into  two 
bettmsi,  whlth  f»Jlc)w  diffcrotit  pnlhn,  and  in?  the  vibrnlions  of  tmo  ray 
fire  more  rotarded  thm  tlinso  fif  the  otlier,  -Wfhcn  they  nt^p  rcunU*d 
they  ititerfcre,  and  produce  the  most  boQUtrful  colur«,  varying;  with  the 
tbkkiiea^  uf  tbo  p]iite'*,  and  (he  jtositioti  at  tlioir  ui«a  with  rd'ereticfii  to 
tiia  axes  of  the  polaristor  uttd  the  analyser. 


opTica, 
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wliila  ftie  potiLri£«r  and  aanifter  remain  Sxed,  the  co\ot 
\tl  uftpmmt  ml  itwry  quadmot  uf  rt'Vi;lutiun,  i^dtl  Uisaii^ear  in  ip termed! nte 
|p<)«iti>7Q«,  If  the  Attn  ttnd  thu  \mlikrhfST  romaiu  fix.etl,  and  the  aduIj xtr  ia  rotated, 
lliB  eolor  wtll  cbrtngo  lu  ihQ  cuuiptcmRDtarj  at  orury  quadrant  of  rovoluUn'n  ; 
%k*\  Kit  the  SKinc  colur  will  b«  ««<tfu  ia  posiliont  of  th«  analj^er  dilTeriiig  IBU", 
iteid  tbe  comftkinimtJir^  rrilnr  will  b«  itmn  at  90^  and  270^,  from  LLc  Arsl  {inj^iLiou. 

TUtat  of  s^jk'jjUo,  viirfiiig  buLwucn  0001 24  andO^UlJ^lB  of  an  inch  ia  tbtckmjAB, 
mili  gir«  til[  tb«  colors  botwc^ca  tbo  white  of  Xcwtoo's  firit  order*  and  wliiU} 
tnaltta^  frutn  tbc  mixture  of  all  tl;e  eulors.  If  (wu  films,  af  itGlonlte  am  placed 
•irtf  «it«i||  'Oiber,  h lib  tbeir  nxet  paralL-U  tbe  t^olor  p^od^l«e(I  frill  be  ihitl  wbii^h 
kloagS  lO  tbe  !!uxii  of  tbeir  tlik^ktic£Si!i<t.  lial  trbeti  tbo  tw«  film*  AT9  plofcrl  vrHh 
Cb^  •xm  at  n^bt  a^oglci.  iho  resulling  tint  b  tbai  winch  belongs  Ut  this  dtBer- 
«BM  of  tlbeir  ibickDctJtu. 

556,  Rotary  polarizatloD  is  a  jimporty  which  samG  BubBtanccs 
■pcme^B  <jf  ch:ir»gln;^  Uie  plane  of  vibrutiuu  in  a  nvj  ihf  polarui''d  light, 
even  when  it  falls  perpendicularly  upon  it.  Tlie  entire  jimauut  of 
lotatioD  depotiils  upon  the  thickncsB  of  the  luediuni.  Quarts,  cut 
transtDfselj  to  it*  mnjof  aiSs,  soliition  of  sugar,  civmphar  in  the  aoUd 
Miite,  and  most  of  the  eseent-io.!  oils,  possess  tha  power  of  rotating  tlie 
plane  of  poUmntion  of  n  raj  passing  through  ihem, 

DlffereDt  tubst4iiL'j;s,  and  ^am'eUmes  dtOTcri^Dt  spceiaienB  of  Iho  same  aubstance, 
rouitt  ibe  |>IttDe  of  polariiaiion  id  contmry  dircotions,  Wb«n  (be  rotation  tnkoi 
ylmc9  in  the  directicm  of  tbo  motioti  nf  the  haails  oT  a  watcbj  the  tDodium  ia 
»aid  ltav«  fLgbt-himdwd  pkitarUAtjOii.  Tliaa  wu  ba?Q  rigblr-baodcd  q^uaflK,  and 
klVbandcd  iiuarts. 

In  a  beam  iyt  white  li^ht,  the  TtbrallOBa  which  prodneo  red  hm.n  th^lr  plana 
tof  polarUatiuu  rutaltsd  mui:!b  (aoro  lUad  tU«  polurn  of  greater  rerrangibiHtjr. 
Thii  property  raric!^  iDTerfcly  na  tho  aquArcs  of  tho  lengths  <>f  the  luminotit 
warn  which  pr(»ilQt!:«  the  eori^ral  colurt,  Tli«  power  of  roiating  the  ptattQ  of 
pularizaiioQ  becomei  a  raJaable  icit  for  speedily  dctorminiDf  the  nature  of 
rarioue  cbrtnkal  iiubstAQCiev^  or  tbe  Atrt'Ogtb  vf  a  suliitiua  of  any  ftttbetancii 
I  l»ariiig  tbii  power.  Solieri  *aefh»irl meter,  for  jaetLsuring  tH«  rclativi  amoiint 
I  «f  cane  and  i^mpe  sugar  in  lolutions  f>r  ^yrupa,  II  {"an^trueted  on  tbl*  prLaeiplCr 
Suth  an  mttrumenl  aiTordt  mLao  a  rimd^r  method  of  deteoUng  the  preieaeoi  of 
Bug9f  la  diah«tie  urine. 

557^  Atago*u  chromatic  pol^irlscope  ia  a  Terj  simple  instruniahl 
.for  t60tiDg  polariaed  It^jht,  and  for  deterrointng  its  plam©  of  polarisation, 
tin  one  end  of  a  hram  tabs  is  inserted  a  prism  of  Iceland  spar ;  in  the 
other  end  of  the  lube  a  circular  opening  ia  covered  by  two  platca  of 
qua^rlE  cut  t>artLilel  to  tlie  axis  and  unked  by  thmr  edt^Bn,  one  of  these 
pktes  haring  rightrbnEided,  and  the  oth<jr  left-Iianded,  rotary  polurt- 

When  jHilariied  light  is  riewed  through  this  tnstrnnient  (tho  Iceland 
■par  being  turned  towards  tlie  eye),  the  circular  *Tpening  appears 
ilaablet  and  in  tiadi  iuinf^  le  seen  the  line  dt?Miiig  the  two  plates  uf 
rotary  quarts,  witli  complementary  oalora  on  opposite  sides  of  the  lino. 
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If  the  instramcQt  ia  now  rotated,  two  positions  will  be  foand  at  right 
angles  to  each  other  where  both  parts  of  the  opening  in  the  same  image 
appear  of  a  uniform  tint,  though  the  two  images  still  have  comple- 
mentary colors. 

When  both  segments  of  the  extraordinary  image  have  a  uniform  red 
tint,  the  principal  section  of  the  prism  is  parallel  to  the  plane  in  which 
the  light  has  been  polarized,  and  when  both  segments  of  the  extra- 
ordinary image  are  uniformly  green,  the  plane  of  polarisation  is 
perpendicular  to  the  principal  section  of  the  prism. 

A  plate  of  selenito  or  mica,  or  a  single  plate  of  qaartz,  may  be  sabsiitated  for 
the  two  segments  of  right  and  left-banded  quartz,  and  two  images  with  com- 
plementary colors  will  be  seen  as  berore.  AH  the  phenomena  of  atmotpherto 
polarization  may  be  demonstrated  with  this  form  of  the  inatroment,  and  the 
plane  of  polarization  may  be  determined,  but  with  less  accura<ry  than  in  tb« 
first  form  of  the  instrument.  As  before,  when  the  extraordinary  image  is  red, 
the  plane  of  polarization  is  parallel  to  the  principal  section  of  the  prism.  When 
the  extraordinary  imago  is  green,  the  plane  of  polarization  is  perpendienlar  to 
the  principal  section  of  the  prism. 

558.  Colored  rings  in  crystals. — Colored  rings  of  great  beauty, 
with  a  block  cross,  are  seen  in  thin  plates  of  doubly  refracting  crystals, 
when  viewed  in  certain  directions,  with  polarized  light. 

Figs.  435  and  436,  show  the  appearance  of  the  rings  and  cross  in  thiok  plates 
of  quartz,  in  positions  at  90°  from  each  other.    Other  uniaxial  crystals  show  a 
similar  system  of  rings  beautifully  colored.    Figs.  437  and  438  show  the  form 
435  436  43r  438 


of  the  colored  rings  in  biaxial  crystals;  e.  g.  some  micas.  Every  doubly 
refracting  crystal  presents  some  peculiarity  in  the  form  and  arrangement  of  the 
colored  rings  seen  in  its  thin  sections.  This  subject  is  of  great  interest  to  the 
mineralogist. 

550.  Polarization  by  heat,  and  by  compression. — Glass  irregu- 
larly heated,  or  heated  and  irregularly  cooled,  possesses  the  power  of 
double  refraction,  and  when  viewed  by  polarized  light,  it  exhibits  dark 
crosses,  bands,  or  rings,  varying  with  the  form  of  the  glass,  and  differ- 
ence of  density  in  different  parts.  Similar  phenomena  may  be  produced 
by  compression,  or  by  bending  rods  or  plates  of  glass. 
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.  Magnetic  rotary  pola^UatioEi,— If  a  thick  plate  of  glass  is 
ipplied  t'j  the  poles  of  a  powerful  eleutro-uingnet,  the  gl»»a  in  oeithcr 
nuT  rep<*netl;  but  if  a  raj  af  polarized  light  b  tmnsmittfid 
NUirouj^h  the  pkte  in  a  certain  direction,  tho  pUno  of  palarkatioii  is 
ivolat«U  lis  bj  a  pLiLte  of  quarts,  or  other  rotar;  pdarber,  showing 
'llvAt  light  and  magtietlsm  have  some  intimate  relation  to  each  other. 

Tltiii  rotarj  effect  mij  depend  apon  ebjuigi}  in  the  tensioa  of  th«  iiiol«culc4 
of  ibfi  gW*  hj  tbe  magDeltc  force,  aod  doI  upon  mnj  dLroct  ralaUon  betwiHU 

[  5dl.  Atmospheric  polaiisatioii  of  llebt.— The  light  of  the  iun 
jirede^ted  hj  the  atmosphere  is  more  or  less  polarised,  depeodiug  upoa 
ijie  angular  distance  from  the  sun. 

If  tb«  e^rtb  bf4  ii<i  Jitintiipheret  the  •k|'  would  vi^eryirbere  appear  perfeetlj 
MmIi,  Th«  color  af  tb^  sky  ia  {iroduccrd  by  light  refleciisd  by  ibe  ittrnQsphere. 
^If  w<t  look  ml  the  aky  tbrongb  ft  Nit^tiTa  priinm,  if«  fibril  fiud,  an  rotatiiig  the 
"priim,  tb«t  lifbt  from  lomo  parts  iff  tlie  akj  ]»  poiariKed  tv  *  tety  npprccjuhlQ 
4Sfi«iit^  rb«Ti!  ar«  wv^nl  [tolnta  la  the  skj  where  no  palarisation  is  perceplibk. 
The  point  In  Ibe  heaiF'9iL«  diroctljr  opponlte  to  the  ftiD  is  <?iLll«d  th«  unh'-tofur 
fnimU  At  »  distuice  abore  tbe  miti-jolar  piiinl,  ^^urying  fnitn  J  I*  to  19**,  ibera 
It  a  iK^lnt  (^r  tia  p(»lttrtiiitbii»  and  aDothcr  ceutral  patnt  ml  nn  Qqntd  distanf^ti  bt^tuw 
lbs  aaii'tolar  pmnt.  Another  neutra)  point,  or  p»iGt  4»r  no  polurttatiou^  ii 
finad  from  12**  to  1^°  ptbore  tbe  aun,  and  a  nimilar  one  bdt^w  it ;  but  the  latter 
Ii  9lMttY«d  with  great  diSiculir.  Wbnn  (be  aan  is  m  the  lenitb,  theae  two  poLntfl 
ioiaviie  Id  ibe  e>un.  At  all  oiher  points  in  the  Aky^  the  itje^bt  U  ui«re  Of  k«i 
ylartooil,  iho  dugrpp  t>f  polariiatton  amijiuntiag  ioiDetiaied  to  niort  tboa 

at  Ditii^b  lu  hj  refloction  from  glik^A  at  the  angle  of  i^omplule  polariamtioo. 

The  eye  a  polaiiacope. — The  structure  of  the  crjstaUiuo  lena 
b  such^  ttha^t  the  unaidcJ  eye  is  capable  of  analyzing  a  heubi  of  light 
iwlarized  by  reflection  or  hj  double  refraction,  A  person  accustomed 
ht»  eTC«  in  viewing  the  phenoiiiena  of  polarisation,  can  thus 
with  ca.^e  faetn  of  th'm  nature,  which  arc  whoDjr  inscrutable  to 
Afie  not  ftimiliar  with  such  observntions ;  another  of  the  tiumercfiis 
prpo&  we  have  that  the  eye  is  capable  of  vcrj  exact  training;  but 
t»eTerihele8«  it  is  a  proof  u\$o  of  an  imperfection  in  tho  eye  itself. 

ii.  naidinger  hmM  obflerrcd  a  remarkablo  phcnomeDOD  of  polaritcd  light,  hj 
wbirb  it  mm  J  ho  ncvgttw^  hy  tbti  tutked  vyp,  at»d  its  plAoc  of  prjImritatloQ 
itted.  Tbia  phHttiimeiian  eonaitfts  in  tbL<  Hp(iuaraiic«  of  two  brujbtt  af  a 
pole  yellow  color,  the  nxi*  of  which  eoincirk'ii  aJways  witb  Ibti  (raija  of 
>laii«  rif  polariiiatlna;  theae  ore  aec«iin[»*nied.  on  ctiiber  aide,  bj  two  piilchu 
of  lijfUl  of  a  cumpkm-untar^  or  vioka  tint.  In  ord*'r  ti»  seo  tbera,  the  plane  of 
the  piklAriiatt<rin  of  the  li^bt  tiin«t  ht*  turned  riiiif^klj  from  one  pcitiikii  to  HDntber ; 
tbia  majr  hv  done  hy  rvvf^tviug  iMifoni  the  ejrt  a  Xtct^r*  prisw  directed  towardi 
a  «ibU«  rloud.  ' 

Tb«  inott.  prohftblo  etplaniatii'>ii  U  that  i^lren  hy  M.  Janini  in  which  tha  pro- 
linetioD  nf  tbe  pbamotncnou  U  ajpcribcd  lu  tb«  r«frncUng  cuati  of  the  «yt^  tltt;^ 
C4}mpa.r«d  to  a  pila  wf  parj^kl  plalci  of  glaat. 
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563.  The  praotioal  applications  of  polarised  light  are  nnine- 

rous.  The  water  Ukscope  consists  of  an  ordinary  marine  teleacope, 
with  a  Nicol's  prism  inserted  in  the  eye-piece. 

The  light  reflected  from  the  surface  of  the  water  is  the  principal  obstmetioB 
to  viewing  objects  beneath  its  surface.  Nicol's  prism,  in  a  certain  position, 
entirely  cuts  off  the  polarized  portion  of  the  reflected  light,  and  allows  objeeta 
far  below  the  surface  to  be  seen  in  the  telescope.  A  Nicol's  prism,  in  the  same 
manner,  will  enable  the  fisherman  to  direct  his  spear  with  greater  certainty. 

Amateurs,  in  visiting  galleries  of  paintings,  find  Nicors  prisms 
mounted  as  spectacles  of  great  service.  Let  the  observer  place  him- 
self in  an  oblique  position,  and  look  at  an  oil  painting;  when  the  sheen 
of  reflected  light  renders  the  objects  in  the  painting  invisible,  he  has 
but  to  look  through  a  Nicol's  prism,  set  in  a  proper  position,  and  the 
entire  details  of  the  painting  at  once  become  visible  in  all  their  proper 
colors.  An  opera-glass,  provided  with  Nicol's  prisms,  would  be  a 
valuable  instrument  in  examining  a  picture  gallery.  Polarized  light 
is  also  of  great  value  in  microscopic  investigations. 

Fig.  439  shows  the  appearance  of  a  grain 
of  starch,  brilliantly  illuminated  on  a  dark 
ground,  when  seen  in  the  microscope  with 
polarized  light  By  rotating  the  analyzer, 
the  field  becomes  light,  and  the  dark  cross 
changes  its  position,  as  shown  in  fig.  440. 
The  appearance  of  the  starch  distinguishes 
it  from  every  other  substance.  Different 
kinds  of  starch  are  also  thus  readily  dis- 
tinguished from  each  other. 

By  means  of  polarized  light,  the  chemist  can  detect  one  thirteen- 
millionth  of  a  gramme  of  soda,  and  distinguish  it  from  potassa  or  any 
other  alkali.  In  physiological  chemistry,  especially  in  the  examination 
of  crystals  found  in  various  cavities  and  fluids  of  both  animals  and 
plants,  the  use  of  polarized  light  is  especially  important. 

Instead  of  a  few  isolated  facts,  of  interest  only  to  the  curious  inquirer, 
the  polarization  of  light  presents  itself  as  a  great  fact  in  nature,  meet- 
ing us  with  wonderful  revelations  in  almost  every  department  of  natural 
science.  By  this  marvelous  property  of  light,  the  astronomer  determines 
that  the  planets  shine  by  reflected  light,  and  that  the  stars  are  self- 
luminous  bodies.  . 


Problems  in  Optics. 
Velocity  and  Intensity  of  Light. 

177.  What  time  is  required  for  light  to  come  to  the  earth  from  the  san,  the 
distance  being  95,000,000  miles  ? 
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393 


179.  Etwir  hog  tloea  il  Uk«  lha  ligKt  of  tlia  north  i Lor  to  reach  the  eKrth,  tbe 
diJlMi««  b«iujg:  «»iij»4t«d  3,P61,000  tjUa«»  gr^tilor  Uttui  the  dktAneo  uf  ibe  esrUi 

fma  tllB  PU*!  ? 

If9.  Tiro  tigbt*  t«|UaI  tUammatiosi  npuq  Bunsvii^s  photoinelcr,  when  il 
ii  plAocd  betwcri'U  thi^iii  At  ft  diftucicc  or  3  Ibvt  fruiu  odh  light,  and  1  feet  7 
uiebM  from  Uie  other;  whut  tt  Uietr  relative  illumia&ting  power  f 

l^.  A  •f-reeft  it  cquallj  iUmiilit»t«id  by  two  Haioea,  when  one  uf  ibem  it  10  tuflics 
frooi  it,  but  whvn  n  pLati}  of  ginsa  ia  iDterpijj^cfj^  the  iJUHe  light  ia  ri?quircd  tu  bti 
bri>iif]il  CO'  »  diaiNnce  &f  38  ittchi!]  IbAt  the  iliumiuKtiDn  maj  be  agsia  equal ; 
vlijkl  |»ru|>ijrtiua  of  the  IL^ht  U  tr»fk«wUiO'di  b^  tbo  glm*f 

l^t.  At  <niB  extremity  gf  ■  hmr,  IPW  Ut'he«  l«ti|f,  i*  pljsj?ed  «  etAnil»rd  ce-Ufllo 
IninttDg  I  29  griLlixa  ]Msr  bour  (Ibc  u«ai»l  aLa-odard  ia  pbotumvirtc  m«iiflunMiieiils 
9t  et  the  otbvr  fnd  b  »  g;4#  buroi^r  vou'iuming  b  oultic  fc-ct  pvr  h^iur.  A 

Bunceu'j  «t7rei-ti,  ixniVltlg  im  thiB  iiAr,  its  dt«ttLtil.  U       tlltlbea  froiii  tb«  cftlitll«, 
butU  fide*  uro  tMiiji;iilj  lUuuiiniilod;:  wbttt  u  lb«  illutniDatiui;  pawur  af 
in  trnni  of  tbo  rsndle  a%  a  iidil? 

Bjr  »  similtir  Irtnl.  Ibu  phuiotneler  in  lO/^f  incbes  distent  frmn  Uio 
ifiliiilArd  eiLfidle  wbcn  Lbe  dis«  iii  equally  lUuuiiDtttCid,  but  it  la  found  th&t  th« 
cMiltv  ui  bnrtiibg  n9  |:rAm«  ]jer  bour,  trbil&  the  giu  burner  cnaisumea  only  4^ 
mhie  feci  af  gtu  per  bmtr;  what  ii  the  illitminaiitig  puwer  uf  ^  cable  fo^t  of 
ikit  uuuple  (rf  gA4  tu  Leruii  of  tbe  dt&ndjird  caudlu  at  12U  gtmiaa  ms  a  uall? 

Heflection  of  Light. 

19^,  At  whet  BB^te  mutt  twa  mtrrora  b«  itiidltiHl,  f»  I  hat  a  ray  of  light  inci- 
dttit  parallel  lo  one  mirror  mAyn  alter  rcAccrtiua  at  etu-b  uuirrur,  puralbt  tu 
the  other  t 

18-1.  Biiw  many  itoagcft  will  iwo  in  a  kalotdufl^ope  when  the  twnu  mirrore 
«f  wbkb  il  i»  Fomposi'd  arr^  pltt.^ed  at  en  KOgte  «f  2fi'^  7 

IHi.  A  mnrave  mirror  re Ucut;  mhit  ii^br.  In  a  Tncua  C  inrhea  frnm  iti  «ur&cu; 
wherfl  will  il  form  »u  imaK*'  object  plun::d  12  U^vl  tu  fruol  of  it? 

1$^,  A  lumtnout  point  if  idui^cd  at  a  dif>tuuec  (V<ta  in  frout  of  »  eoncave 
lairrvr  ol  1  (tmi  radius  ;  Had  tU^  distiLDce  of  the  focui  of  riiUvcicd  r*ji. 

IBt^  What  mimt  bo  ibo  |tu»ition  of  a  lamiuous  point  befttrv  a  crjocarc  tuirror, 
lhat  Iho  diftaacv  U<lw««n  the  foci  of  incident  aad  reSiH^tiKl  raya  mny  be  eq^aid  to 
iha  radiuji  uf  the  iiiirrur  ? 

Re&acUO'ii  of  Ijight. 

Find  the  tbiclmeas  of  a  plane  gta*a  mirror  itilTered  at  the  back^  i«  that 
an  tii^fct  one  f(H>t  in  front  of  its  iir»t  Aurfacie  may  bavo  the  image  fonaed  hj 
taleetion  at  tb«  v^coud  enrfAi'e  twice  u  di^taat  from  tbe  object  b«  if  tlie  r«fled> 
tion  took  pi**-*  from  the  fir^l  eurfftcej  the  inileit  of  rtifrmctioti  heiog  u  =  ]|. 

IM.  A.  flub  it  seen  in  a  poaLtidu  known  lo  be  4  foct  bdow  the  darfae«  uf  th'e 
watcf,  «ti«l  tbe  direct iuo  ia  which  it  ii  «cen  miiktri  an  iniclo  cf  ib°  with  lb« 
p«rp«tidicniar ;  at  what  ang^lc  mmt  t  Intiee  be  Lhruwa  to  strike  the  fi»b  t 

190.  If  a  potil  of  wat*.*r  appu.r«  to  be  5  feet  dfeep,  what  fbould  we  consider  iU 
real  depth  ! 

191.  A  fioall  peniiil  **f  itnlar  rajiTp  tneide&t  upon  the  vurface  of  a  refracting 
•pUure,  i*  brought  to  a  fut-u*  wptJij  the  oppus^ite  !nirfae«  i  what  ii  the  rofntetive 
iad^Ji  of  the  material  of  which  (be  «pb>?rie  la  mnde? 

A  rmnit  petieit  af  Ughl  (aUm  ijp»a  u  rutii-ave  rpbcrtcal  mirftiin  at  glaj* 
=  1^),  th#  raUiuf  of  whteb  i*  2  fv^t.  SuppuBtii^  the  radiant  point  diitant  3  ff>M 
fboa  tht  refiraetiof  §ur1ke€,  wbera  will  tbo  fx-m  (rf  the  r«f racy  ted  rayi  be  foatid/ 
M 
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193.  Wbon  dirergont  rays  are  incident  from  a  certain  point  npon  a  spherical 
surface  of  glass,  the  refracted  rays  are  foand  to  converge  to  a  focus  at  exactly 
the  same  distance  on  the  opposite  side  of  the  surface ;  is  the  surface  convex  or 
concave  ?  and  if  the  position  of  the  point  of  incidence  be  3  feet  from  the  refract- 
ing surface,  and  n  =  1-5,  what  is  the  radius  of  the  refracting  surface? 

194.  A  double  convex  lens  of  glass  (n  =  1*534),  whose  radii  are  respectively 
2  inches  and  4^  inches,  is  placed  15  inches  before  a  luminous  point;  wliat  is  the 
position  of  the  focus  of  refracted  rays  ? 

195.  What  is  the  form  of  a  double  convex  lens,  having  the  least  spherical 
aberration,  when  the  glass  of  which  it  is  made  has  an  index  of  refraction 
«=  1-635? 

196.  What  is  the  distance  of  the  principal  focus  from  a  lens  of  flint  gloss 
(n  =  1-635)  whose  radii  are,  r  =  2J,  and  t  =  —  5  ? 

197.  What  single  lens  is  equivalent  to  a  combination  of  a  double  convex  lens 
of  focal  length  2  inches  with  a  double  concave  lens  of  focal  length  4  inches  ? 

198.  Determine  the  form  of  two  lenses  of  flint  and  crown  glass,  that  may  be 
cemented  together  so  as  to  constitute  a  plano-convex  achromatic  combination 
of  7  inches  focal  length,  using  flint-glass  in  which  m  =  1-635,  and  the  di^iier- 
flive  power/)  =  1000,  and  crown-glass  n  =  1-534,  and  p'  =  625. 

199.  Two  convex  lenses,  whose  focal  lengths  are  and  /,  are  separated  by  an 
interval  of  2/ ;  how  must  a  pencil  of  rays  bo  incident  upon  the  first  lens,  so  as 
to  emerge  parallel  after  refraction  through  the  second  lens? 

Optical  Instraments. 

200.  Considering  the  distance  of  distinct  vision  8  inches,  what  will  be  the 
magnifying  power  of  a  lens  whoso  solar  fucus  is  3  inches,  when  it  is  placed  at  a 
distance  of  5  inches  from  the  eye  ? 

201.  Calculate  the  radii  of  the  two  surfaces  of  a  meniscus  of  crown-glass 
(n  =  1-5)  to  bo  used  as  the  field-lcns  of  Prof.  Airy's  eye-piece  (500),  when  the 
eye-lcns  has  a  solar  focus  of  half  an  inch,  and  the  fiold-lens  is  2  feet  from  the 
object-glass. 

202.  Calculate  the  illuminating  power  of  Ilerscbcl's  great  telescope,  allowing 
of  the  incident  light  to  be  reflected  by  the  speculum. 

203.  On  the  same  conditions  calculate  the  illuminating  and  penetrating  powers 
of  Lord  Rosse's  great  telescope  (503). 

204.  Estimate  the  illuminating  and  penetrating  powers  of  the  Cambridge 
refracting  telescope  (506;.    A  =  15  inches,  a  =  0  1  inch,  jr  =  0-9,  n  =  2. 

205.  Compare  the  illuminating  and  penetrating  powers  of  two  achromatic 
objectives  for  the  microscope,  one  of  which  has  an  angular  aperture  of  100®, 
and  the  other  150°,  calling  «  =  6  in  both  cases,  and  x  =  0-8. 

Polarization  of  Light. 

206.  Calculate  the  angles  of  most  perfect  polarization  by  reflection  from  the 
three  kinds  of  glass  whoso  index  of  refraction  is  given  in  §  407. 

207.  What  proportion  of  the  incident  light  is  reflected  in  each  of  the  cases 
considered  in  the  last  problem,  supposing  the  increase  of  reflection  uniform 
between  any  two  angles  whose  amount  of  reflection  is  given  in  the  table, 
page  299  ? 

208.  What  is  the  index  of  refraction  for  the  extraordinary  ray  in  Iceland 
gpai,  when  it  makes  an  angle  of  5i°  with  the  principal  axis  of  the  prism  ? 
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CHAPTER  II. 

HEAT. 

I  1.  Nature  of  Heat. 

564.  Heat. — Its  nature. — The  sensations,  which  we  call  heat 
or  cold,  are  produced  by  an  agent  or  cause  whose  real  nature  is 
unknown.  Whatever  this  agent  may  be,  it  influences  matter  of  all 
kinds  without  changing  its  nature.  Scientific  opinion  is  divided, 
chiefly,  between  two  views  of  the  nature  of  heat.  These  are,  the 
eorpuseular  theory,  or  theory  of  emission,  and  the  undulatory  theory. 

Aeeording  to  the  corptucuiar  theory,  heat  is  attributed  to  a  pecaliar  imponder- 
able fluid,  existing  in  all  bodies  in  combination  with  their  atoms.  The  parti- 
cles of  this  supposed  fluid  are  self-repellent,  and  thus  the  atoms  of  bodies  are 
prevented  from  coming  into  absolute  contact  with  each  other.  This  fluid  is  thrown 
off"  from  all  hot  bodies  with  inconceivable  velocity,  and  upon  its  absorption  by 
other  bodies  the  effects  of  heat  are  manifested.  Thus  hot  bodies  lose  what 
colder  bodies  gain. 

By  the  undulatory  theory,  heat  is  attributed  to  the  vibratory  movements  of 
the  molecules  of  a  hot  body,  communicated  to  those  of  other  bodies,  by  means 
of  a  highly  elastic  fluid  called  ethei:  This  ether  per\'adcs  all  space,  and  in  it 
the  undulations  of  heat  are  propagated  with  inconceivable  rapidity,  in  a  manner 
analogous  to  the  slower  progress  of  sonorous  waves  in  air,  as  already  explained. 
This  same  medium,  by  another  kind  of  motion,  is  supposed  to  produce  light 
and  electricity. 

565.  Temperature. — Heat  and  cold. — All  bodies  receive  or  part 
with  heut,  as  their  conditions  change  from  time  to  time ;  the  relations 
which  they  sustain  to  heat  at  a  gicen  moment  are  distinguished  by  the 
word  temperature,  which  term  implies  nothing  as  to  the  quantity  of  heat 
present  in  a  body,  but  only  its  relation  at  a  specific  time  to  an  arbitrary 
standard. 

Heal  and  cold  are  relative  terms ;  cold  implying  not  a  quality  antago- 
nistic to  heat,  but  merely  the  absence  of  heat  in  a  greater  or  less  degree. 
There  are  no  bodies  so  cold  that  they  will  not  be  warm  to  bodies  colder 
than  themselves.  Our  sensations  give  us  but  little  evidence  respecting 
actual  changes  of  temperature. 

If  we  place  one  band  in  hot  and  the  other  in  eold  water,  and  then  saddenly 
transfer  both  to  water  baring  an  intermediate  temperature,  our  sensations  ar« 
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at  onoe  rerersed ;  one  hand  will  feel  cold,  and  the  other  warm,  although  both 
are  exposed  to  the  same  temperature. 

566.  Action  of  heat  on  matter. — Assuming  that  cohesion  and 
heat  are  counteracting  forces,  it  follows  that  the  three  states  of  matter 
are  effects  of  the  relative  intensities  of  these  two  a;:;encies ;  and  heat 
being  a  repellent  force,  its  increase  must  be  accumpanied  with  an 
enlargement  of  volume  in  either  of  the  three  states  of  matter,  while  a 
loss  of  volume  must  accompany  an  increase  of  molecular  force,  or  a 
loss  of  beat. 

Many  familiar  facts  of  daily  experience  confirm  this  statement.  All 
bodies  (with  few  exceptions)  expand  with  an  increase,  and  contract 
with  a  loss  of  heat.  The  expansion  may  be  measured  by  an  increase 
of  length ;  in  which  case  it  is  called  liruar  expansion,  or  by  an  increase 
of  volume,  and  then  it  is  called  cubic  expansion.  The  first  measure  is 
commonly  used  for  solids,  the  second  for  liquids  and  gases,  but  the  first 
is  easily  converted  into  the  second  by  cubing.  Substances  vary  very 
much  in  their  degree  of  expansion  for  the  same  increase  of  temperature : 
solids  expand  less  than  fluids,  and  liquids  less  than  gases. 

But  the  laws  of  expansion  will  be  better  studied  after  some  acquaint- 
ance is  obtained  with  the  means  of  measuring  differences  of  temperature. 

g  2.  Measnrement  of  Temperatiire. 

I.  THERVOXETERS. 

5G7.  Thermometers. — The  measurement  of  temperature  is  accom- 
plished by  observing  the  amount  of  expansion  or  contraction  in  any 
substance  arbitrarily  assumed  as  a  standard  for  the  purpose.  Such  an 
instrument,  whether  the  substance  selected  is  a  solid,  a  liquid,  or  a 
gas,  is  called  a  thermometer,  or  measure  of  temperature.  For  special 
purposes,  thermometers  are  constructed  with  either  solids,  liquids,  or 
gases.  In  much  the  greater  number  of  cases,  however,  mercury  is  the 
only  substance  employed,  not  only  because  of  its  great  range  of  tem- 
perature between  freezing  and  boiling,  but  also  because  its  changes  of 
volume  for  equal  changes  of  temperature  are  more  nearly  proportional 
to  the  temperature  than  those  of  any  other  liquid. 

568.  Conatruotion  of  mercurial  thermometers. — Thermometer 
tubes. — A  capillary  glass  tube  of  which  a  thermometer  is  to  be  made, 
should  be  one  whose  bore,  throughout,  is  of  the  same  calibre,  so  that 
e  |ual  lengths  within  it  will  contain  equal  quantities  of  mercury.  The 
c  juality  of  the  bore  is  ascertained  by  causing  a  short  cylinder  of  mer- 
f'lry  (say  one  inch)  to  pass  from  end  to  end  of  the  tube,  and  if  i^ 
measures  an  equal  length  throughout,  then  the  calibre  is  equal ;  other- 
wise the  tube  is  rejected.    Only  about  one  in  six  of  thermometer  tubes 
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d  to  posaoffs  a  entnil  of  eqiml  boro.  A  pn.3i^*er  tulc  liaving  b€ea 
!.  a  buib  (cjrl'uiiiricjil  or  apbeHcal}  ia  blown  upon  it  by  meana 
of  •  gum  clft»ti<J  bag  fitted  to  the  opoo  end.  The  breath  miultl  fill  the 
tub«  with  moistnTL*,  The  form  of  thp  bulb  is  convcntbimL  A  cjlin- 
Jricftl  bulb  will  bo  mnre  readilj  affeetod  by  the  temper  at  tiro  of  tba 
uirruufiiliijg  medium  tb»n  a  spheri<ml  onet  beonu^o  it  ^xpuses  a  larger 
•urfnce. 

FilliDg  the  tabe  wiUi  mercury  ia  fiicilitatod  by  tying  a  pnper 
fwiLUcl  un  the  open  end  uf  the  tube,  or  a  gims  reservuir,  C,  fig.  441, 
li  «m played  U>  bold  n  pi>rtitin  of  pure  mercury.  441 
A*  ««*  dense  a  fluid  could  nut  enter  a  ciipiVliiry 
opening,  the  itir  in  the  bulb,  is  eipandcd  by 
the  tiauie  iS  a  spirit  lamp,  tii tiding  the  tube 
ivs  ttcen  in  the  figure.  As  the  nir  expands,  a 
portion  ot  it  escapes,  pa&sing  the  mercury  in 
C.  Alluding  the  bulb  D  to  cool,  tliQ  prcssare 
ef  tlie  air  «ooo  furces  ft  portion  of  iho  mercury 
frpm  G  tlipiugh  the  capillary  tul>Q  into  I  be 
lower  ro*en-oir,  ci  hi  biting  in  its  progress  tlie 
mieeeMiTe  stagp*  of  the  capillury  eiir faces 
explained  in  |  *2^^,  The  lamp  i:}  again  ap> 
Ucd  t*j  b4tll  the  mercury  in  D,  and  after 
ieverui  (]iinutt;t<,  nil  the  fitr  and  moisture 
are  espellml  ffooi  the  lube  by  the  mercurial 
tapofr4  The  bulb  is  then  cautiuuely  cooled 
c»noe  more,  when  it  will  be  found,  as  well  aa 
Kienir  completely  lillt'd  with  mercury.  The 
dty  of  U»e  tube^  C,  is  then  drawn  out  to 
neck,  and  brukeii  olT  preparatory  to 
tng.  A  grt'at4*r  or  Jg^jji  p<jrtion  of  the 
wry  remaioiinig  in  the  *teni,  must  now  be 
ninoted,  acwrding  to  the  range  designed  to  l>o  indletiled  by  the  ibcr- 
monteter.  Thia  is  accomplished  by  gently  heating  the  bwlb.  When 
ab^ut  lwo-tliird$  the  mercury  contuincd  in  the  stem  has  been  driven 
out,  and  while  the  stem  is  yet  full,  the  flame  of  a  blow-pipe  ifl  directed 
pan  the  end  of  the  stctii,  the  glass  mclU,  and  the  lube  beenmes  ber* 
Biefctc&lly  sealed. 

569.  Standard  potuts  in  the  thermometer.— Gr ad tiation. — An 
variationd  in  the  height  of  the  merrnriai  column  in  the  tbL^rmometer 
Vpend  upon  tlie  changei*  of  temperature  to  which  it  i»  Rubj*?L^ted,  it  ii 
feecei«ftry  to  grndtiE»(n  the  iiiwfruinent,  or  conttruct  a  scale,  whereby 
rarialion*  niny  be  indicated,  and  the  teinpiiniturtJJi  inditiated  by 
8<S« 
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i>oe  thermometer  compnfed  with  thdae  shown  hy  nfiothcr.  If  tb*Tt 
eiistpfl  a  tjfitural  scc.to,  or  nhsolute  limit  to  teinpertiture,  the  thermu- 
itietric  Fcale  nii;!;ht  be  numbered  upvcHrds  frnm  it.  But  tJicr(t  i« 
iiaturiU  zero,  auU  tlieFcfore  the  then  no  metric  ecftlc  must  be  arbUTar 
filthough  bajieJ  iipan  certain  well-deteroiineJ  phyaical  pbenomea 
Experiment  has  dytermiued  tbtit  the  treUing  point  uf  ke,  am!  the 
ing  point  of  pure  water,  under  i^ertniii  gi  vea  conditions,  are  nlwaja 
fame,  atid  tho^e  points  {ctilM,  respectively,  the  frt^tting  anil  hoUi\ 
Itoiittit)  have  been  adijpted  in  all  eriuntries  a*  the  two  lempeniluros,  witii 
icftfreuce  to  which  ther  mo  metric  seales  are  c<mstructed, 

Freesiiag  point. — To  Qx  tbe  fV«iexmg  pi^itit  lu  a  thormonieter,  &  tin  TCMtl, 
]iktt  fig.  442,  is  JiUed  witli  pouiifk-rt  ii-e  or  souw  \  a  liole  iii  tUe  buliont  of  tt 
Teasel  allowa  tbo  water  froni  tbo  mvttcd  ice  to  i.«!tc^ap«.    loito  ihifi  vc&ici  tho  liull 
uf  the  thermomobor  k  tbrnat,  witb.  part  oT  tbo  aiem, 

Wbc-a  the  morcurial  columa  bscomcj  statlon&rj,  tfaa.t  it,  when  the  mcrcni 
e«»DtaLiicd  ia  thq  biilb  biu  attained  the  temperature  nf  the  tneltiog  itt  l«v^| 
is  miirked  with  a  iliarnond  [)oint,  upon  tbo  gtas?,  or  with  a.  p^i^iidL  upuu  a  pa] 
preriouslj  attached  to  tho  tube.  Tbid  ]DiIicat<.*ai  tbc  mtSting  point  of 
cutitufiU'eDtJy  the  frceEtng  of  wstf>r.  Tbl»  pohit  mar  be  tcKlirntcd  )>j^  thu  9tyt 
jiioti  11,  fitr  the  rrcQtii^rado  scalc^  f.*r      for  the  F;ihrci]hi!it  pc^e. 

Boiling  point. — Thi»  p-piiit  is  accnrtttcljr  fixod  bj  immcning  tbo  wht 
tbcrinuEHQtur  iti  vti|n(jr  df  builiivj;  wnivr.  For  ttiis  purpose  llc^'TiKalt  h«sc«titriT| 
the  ftppiianittiftt    »i?i'ti»a     wUieh  id  ffc«D  in  Cf.  413.   Tbe  coureo  of  the  ■( 
442  4 


rii^itig  ttirnuj^h  A,  and  {letftpvndin^  in        outer  TCAful,  is  fbown  by  tbo  •rroi 
iitid  ibti  ilmwiiii^  i^t     QAail/  uutJ(.T»iuut|  it*  lu  ficwd  no  dc^irriphoti.    An  •qimllj 
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ot«k  of  mhlch  the  lb«rai«inet«r  U  Mm'p^xtivd  m  cork,  tlirongh  irhisk  n  smail 
ghui  tab«  ftJIowi  i^MQ  Ibt  e«ci»p« of  tbo  itcain.  Tbo  stoin  of  tka  tliersioio«t«r  (l) 
U  atjyitUlod  ta  Ibal  tiie  poiul'.  tt,  la  wliioli  the  mercury  rii>i»s  vnhvti  haatcd  ttt  tbi) 
t«in|vo/ftturo  of  bmlm;g  wacef,  is  Jqiit  visible  above  the  cork.  Tbid  poJat  ii 
dafloitcly  mAfkinl  when  the  level  Of  ibe  ttsorcury  bocotnoB  stationnry,  tbut  indi- 
Mtiog  tho  boitia*  uf  iriiler  Let  tbii  pcHut  be  intli«ated  by  the  exprtisaton 
vlikib  oorre^poiKti  tn  the  t^'mporatan      be  wbich  tbo  observation  wsl}  mude. 

Thni  Uaapomtura  f  ti^  ertuiki  to  tOO°^  C.  or  1tl2°  F.,  wbeu  the  bartilni^trir  pres- 
ton  Is  3tl  inohM  {or  Tf!*  jnilliniotfps).  Bo  I  »9  tho  iemintmiuro  of  ttbullitlfm 
r*ria  with  the  barotriiitric  prei^urc,,  k  is  pt&tn  Ibul;  Ihe  tiiIuo  of  Twill  vary  with 
iht  height.  If,  o(  ihn  barom«Uiir«  It  it  esscntijil,  ttieroforo,  Lti  urciiracy  in 
fFK^uaiinj^  tbe  tburnio  meter,  I  bat  the  boiling  pulnt  thoulJ  be  fiioit  wbon  Uio 
IpfVinetcr  is  at  ^0  ini.'bc*, 

r  tliviJinig  tlie  «pae«  between  the  frctiing  end  boiting  pointa  into  lu  niKaj' 
bJ  p»rt«  tbero  ar«  diuigned  to  be  dcig^rocs  in  the  scale,  ibe  divi«ionff  are 
«oiiliidiiicil  butli  aboTS  and  below  ibo  fixed  puinti.  Tbia  mode  of  grAduallun 
tarotresj  howcror,  ierioiia  erniw,  some  noiiic  of  wbicb  i*  tak«n  in  g  ^7©. 

570.  Diffeieat  tkermometiic  BcaleB. — Having  fixed  tbeae  two 
*tant!nrii  fMHiitJi  in  a  therm omot**r,  thti  spitce  between  them  is  ntiit  k» 
bo  suliJivi(i(*ii  into  8  certain  niunber  of  cquiil  \mH9,  cfiSled  decree?. 
CnroiiuTiAtAjlj,  ill  diS'erent  couiUrlcA^  ilua  inlcFvtvl  Iias  been  diffcrenlly 
lub'liTiJoil.  In  sciemific  researches,  the  Ccnti|^rade  wiale  is  dmost 
fiidtisiTely  m  q^e,  while  ia  eommon  life,  in  tha  Uulted  States,  Engltttid, 
fttrd  Hulland,  Fuhrerdicit'^s  aealo  alone  ia  mitd, 

Falirejihelt*&  scale,— In  the  Fahrenheit  scale,  the  interval  between 
llie  iMiiiitig  and  freezinji;  polnU  ia  divided  into  ISO  equml  parts,  trhleh 
tt*ft  calk'd  degrees.  The  xero,  or  O',  of  this  «cale,  is  32  of  these  degrees 
below  the  freezing  point. 

Fnhrefibeit  adoptuH,  ««  the  Hffft  of  laU  therm ometer,  tbe  lemperatMre  whteli 
liarl  b«n  {ib»crTed  at  rianixir,  ljf>t3nnd«  in  ITCQ,  snii  which  be  found  bo  eoatd 
atwarf  reprt^duL^e,  by  tiftiir^  a  mixture  of  ic(>  and  aatt.  At  tb^l  tcviiHrrature 
iwbteh  be  belie  vert  tn  hn  jiu  nbflulutQ  teto  of  coliljf  bu  f'Omputcd  tliat  bj»  ittftru- 
jmrqt  i'aitlatjpcd  11,124  equal  pftrta  of  mercury,  wbicb,  wbed  pluDgcd  ittto  mdtij^|g 
mow.  w«ro  iDcroa#e4  to  1 1,150  parts.  Hence  tbe  space  in  eluded  bet  wet;  n  ttiese 
two  painU  {rtt.^  llJ.'iA — 11^121—32)  woj  dirided  into  32  ef|iial  paiU,  and 
32'*  iudieatoa.  tbererurv,  the  fre«<jn;;  fioiDt.  'O'f  water.  When  bL»  tbcrmometer 
WM  planged  into  boiling  WBt«r,  Fabrenboil  cstitanted  tbnt  Ibe  mercury  wad 
txpAodcd  to  ll,33fl.  parU,  or  213  p»rta  ^htir^  bin  ecto,  and  thcrffure  212* 
(11,336 11J21  =^  312)  WAS  marked  as  tbe  boiling-  point  of  ibat  fluiil.  In 
praetl.p«;,  Fahmnbeit  dctcrmincti  tbe  Wiliaj;  p»itit  of  water,  Aiid  th«  mdtin)|^  poicit 
of  kc,  aud  thtn  graduiitcd  tbo  tube  by  equal  divuioof  to  bis  lero.  To  Fabfcn- 
bfit  bclonje^^  the  mvrH  M'  linvjing  in(r<>d»c«d  tbe  tise  of  mercury  in  tbermtimijterii, 
wbich  bail  pfvyiuuiily  bacn  »fi*tle  tiJily  wUb  alcubot*  water,  up  air,  and  bi« 
ffradtiaUun  of  tbf  ilicrmu'Uietric  acalo^  Altbuugb  nutcicutiEv,  is  out  irratJonai  aa  it 
Itf  oflvtt  ropr««ent«d. 

Oetillgta^e  BoaJe. — In  the  jreur  1742,  the  Swcdt^h  pIiilnHiijiUcr 
Uiu«.  j»ruk'»'*or  ai  Upim!.  iiitrodaced  llie  Centigrade  acalc  (from 
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centum,  one  hundred,  and  gradus,  degree).  It  is  adopted  aniversally 
in  France,  and  in  the  north  and  middle  of  Europe.  The  intenral  be- 
tween the  freezing  and  boiling  pointa  in  this  scale,  ia  divided  into  100 
equal  parts  or  degrees ;  the  degrees  being  counted  upwards  and  down- 
wards, from  the  freezing  point  of  water,  which  is  zero.  The  tempera- 
tures below  zero  in  this,  as  in  all  thermometers,  are  indicated  by  the 
negative  algebraic  sign  — ;  those  above,  by  the  positive  algebraic 
sign  +  ;  thus  —  20°  signifies  20  degrees  below  zero,  but  +  20°  signifies 
20  degrees  above  zero. 

Reanmur's  scale. — Reaumur,  a  French  philosopher,  introdaeed  his  scale 
in  1731.  lie  proposed  to  use  spirits  of  wine,  of  such  a  strength,  that  between 
§  the  two  standard  points,  1000  parts  should  become  1080.  lie  divided  the 
interval  between  these  points  into  80  equal  parts ;  the  zero  being  placed  at  tb« 
freezing  point  of  water,  lleaumur's  thermometer  was  the  only  one  used  in 
France  before  the  Groat  Revolution  (a.  d.  1789);  it  is  still  best  known  in  Spain, 
and  in  some  of  the  older  European  states. 

All  thermomctric  scales  are  purely  arbitrary.  We  know  only  a 
small  part  probably  of  the  vast  possible  range  of  temperature,  and  we 
select  the  two  great  natural  phenomena  adopted  for  the  fixed  points 
of  our  scales  because  they  can  be  readily  verified,  and  because  the 
range  between  them  includes  the  temperatures  which  we  have  most 
occasion  to  measure  in  the  common  experience  of  life. 

571.  Comparison  and  conversion  of  thermometrio  scales. — 
The  scale  employed  in  a  thermometer  is  indicated  by  the  name,  or  by 
one  of  the  initial  letters,  F.,  C,  II.  The  degrees  of  one  thermometrio 
scale  are  readily  converted  into  those  of  another.  Since  180"  F.  =  100° 
C.  =  80°  11.,  therefore  1°  F.  =  $°  C.  =  f  11. 

As  the  value  of  a  degree  in  Fahrenheit's  thermometer  is  greater  bj  32  than 
the  number  of  divisions  from  the  freezing  pointy  32  must  always  be  subtracted 
before  the  -j-  degrees  of  Fahrenheit  are  converted  into  those  of  the  other  scales, 
and  added  upon  the  conversion  of  other  degrees  into  Fahrenheit. 

Easy  rules  for  mental  calculation  arc : — Ist,  to  convert  Centigrade  to 
Fahrenheit  degrees,  double  lite  number  of  Centigrade  degrees,  subtract  one- 
tenth,  and  add  thirty-two ;  or,  multiply  the  Centigrade  degrees  by  18  and 
add  32°,  And  concisely,  to  reduce  Fahrenheit  degrees  to  Centigrade, 
subtract      from  the  Fahrenheit  degrees,  and  divide  the  remainder  by  1*8. 

572.  House  thermometers. — For  common  use,  the  thermometer  is 
mounted  on  a  plate  of  brass,  ivory,  porcelain,  or  wood,  on  which  the 
degrees  are  marked,  as  in  fig.  444.  The  words  summer  fieat,  blood  heat, 
and  fever  heat,  are  often  placed  opposite  the  points  08°,  98°,  108°  F. 

House  thermometers  are  usually  graduated  by  comparison  with  a  standard, 
and  not  by  determining  the  two  fixed  points.  For  this  parpose  the  standard 
is  immersed  in  a  water  bath  with  the  tube  to  be  graduated,  and  a  number  of 
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M%^U  ftl  lU^er^nit  Ivuiporiitmv^,  m»      huth  s!aw1;jr  eooli  frcim  hini^ 
Th«  diitikucwF  bflffocQ  tbo  in[irki?<l  poiuC^  iir«  diTiit«d  ima  equal  jnuu. 

h.»tiri.'tjhtit>  ffralu.  Hut  ibove  snd  hetow  VboiO  (^oioit 
iiLik  fvii*nct  cwH  1.*  i»ta4f  «1  ou  it,  A)i«)  Bi  low  ntid  Utgli  t<;inpcr«1ttr«« 
#MMM  tlivrTitoinHrM  will  b<*  ob?«rvcril  to  vary  oftvo  acverat 
JlgTu^n,  ttvcti  wb«a  ainil^       Hic  beal  mnknrji. 

SufQC  tlittriiujnt'lvri  havelhdr  |^t«duvLtrd  tfuOiliMi  tuppt^rt  diridvti 
near  liu  lnw«f  «p(i  Into  inn  fo-rut^  cann^nv^  logotbe^r  Iby  n  hinge, 
lu  UiiU  tbo  Iciwiir  part  iDnj  ba  turnvtl  hiu^k,  ami  Ibij  Imlb  ibrunt 
Into  III  J  Lii|ijiil  « bo«o  temperature  it  in  dcsirerl  to  uotrrljiin. 

Olbef  thtirminitiietcr*  hnvtt  (Jacir  atera  i^fcTj"  Fm^ll,  aud  enini*klcljr 
•arrouudfc*!  ^  turgur  tube;  the  f«at«  bctnj;  imartcf^d  upon  « 
p«rriMlBUi  •Uipf  or  1  roll  of  piper,  ineerioil  b^twoen  tbo  Ivro 

Jo  very  Accurmle  ibcrmoioeUrf,  tbci  degr«e»  aro  marked  on  tb» 
^loflv  tnW  wiib  Quubvdrii^  acid  in  a  manmer  deierilnid  in  f 

Tests  of  a  EQod  thermometer. — In  order  to  aiicertairi 
wltcihcr  a  ihertnkjtuetur  ia  iL*orret^i  or  not,  it  is  first  plungeil 
ittto  tnrhitig  i«}C,  and  tbeo  into  bullitig:  water ;  tJie  level 
the  mercurj  shuuld  inxiicate  upon  the  scale  exactly  32%  and 
£12°  F*  When  invGrtcilg  the  mercury  should  fiiU  wiib  ft 
pudden  click,  tmd  fill  the  tube,  thm  showing  the  {perfect 
eiclusioa  u(  air. 
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To  del«niiloii  wfaelber  Uio  ratne  of  the  degrecii  ia  umUirtti,  a 
•UK^I  jwk  ii  giT«D  to  tbe  therm«^»inot«r,  bj  vlucb  a  liTtk  cvliMilor 
(if  taiBTttifj  la  deto^fafld  frnm  tlie  eoUimn.  On  movuii*  ibu  ilrtlu 
t^tniun  lfar<rag{)  tbe  tQb«,  it  fhoiiltl  aecupy  equal  pjineci  in  all 
pmtlit  if  ilie  bore  li  ptifectlj  «vour»te,  tmd  tl^tf  ieniv  la  t>ro|}orl>' 
{Toduated. 

SeoAlbUitr  of  thermometen. — The  nensibiUty  of  a 
thernioinotcr  is  of  two  kinds  j  it  may  indicate  very  smalt 
dijfa'tnmt  or  tt  tuiij  be  very  Benditire  to  sudden  chanfjieit 
of  tempef»tiaf^ 

If  tlw  (>i|ka«4t7  of  tk«  rwerrftlr  I*  hirg^,  e^mporwi  with  th?  b(»ro  of  ibe  tube, 
a  tliirbt  f  baii^  «f  temperature  will  affect,  ciJD»ldcnittj«  the  belg-lit  of  *\m  mcr- 
cartoj  pt»li]rnrv.  tf  the  CApa<>il,<r  of  liie  Fvecrroir  !■  ainatl.  ami  tb&  f^ltu*  hitlli 
Itiln,  the  uicrcwrjr  cntita^ined  iit  It  will  im  i»*«rc  rnpidl^  afoci^d  Ibitn  if  a  Inrf^cr 
IU(ii*un.l  w^rr  to  1>«  a«.<ted  upun^  A  (.^lifidricnl  jvscrroir  it,  tberufore,  belter  tUsin 
•  f pbvri''al  anr.  bcraUM  it  vxpoKca  a  lAr;;c<r  »nrftv-c. 

Thm  tvu  kind*  mf  ii«»«tbiljtj  imUeated,  art)  ubtala«d  in  A  Ibcrlsonieler  wtiich 
hfei  «  tniiil]  cylindrical  r«*«rvoir  nnd  »  vcrj  rapUtary  tvibo. 

573.  Displace cnent  of  Ihe  aero  poinL — Otic  suurce  of  error  in  tbe 
luercurbl  lii»rinottieier  is  ftjund  in  the  dit^placement  of  tbe  ceru  point 
hy  cliMji^yn  •ubA(H|U(riU  to  gradanlioo.    If  a  tlmnnouietcr  n-Jiich  hita 
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been  made  Bome  time  is  thrust  into  melting  ice,  the  column  of  mercury 
will  not  sink  to  the  original  freezing  point,  but  will  remain  at  a  distance 
nborc  it,  sometimes  as  much  as  two  or  three  degrees,  and  eveo  more. 

Mr.  Legrand  has  found  that  the  canse  of  thia  change  is,  that  the  ca^acitj  of 
tho  reservoir  is  enlarged  at  a  high  temperature  (as  during  the  constmction  of 
the  thermometer),  and  that  it  does  not  return  to  its  original  dimensions  vatil 
after  a  long  time,  sometimes  not  until  after  two  or  three  years. 

The  effect  is  also  supposed  to  arise  from  the  pressure  of  the  atmosphere  apon 
the  bulb,  which,  when  not  truly  spherical,  seems  to  yield  slightly  and  in  a  gndoMl 
manner. 

This  defect  may  be  avoided  by  giving  the  bulb  a  certain  thickness.  Mr. 
Crichton's  thermometers,  of  which  the  freezing  point  has  not  altered  in  fer^ 
years,  were  all  made  of  unusually  thick  glass. 

Before  making  important  observations,  therefore,  thermometers  should  he 
examined  as  to  the  position  of  their  freezing  point. 

574.  Limits  of  the  mercurial  thermometer. — Mercury  is  by  far 
the  most  available  thermometric  fluid.  It  may  easily  be  obtained  pure; 
it  does  not  adhere  to  the  sides  of  the  tube,  and  above  all,  it  has  a  greater 
range  of  temperature,  between  its  freezing  and  boiling  points,  than  any 
other  liquid ;  freezing  at  —  39°-2,  and  boiling  at  CG2^  F.  Between 
these  two  points,  its  expansion  for  equal  increments  of  beat  ia  very 
regular,  excepting  near  its  freezing  point.  Owing  to  this  last  irregu- 
larity, mercurial  thermometers  cannot  be  accurately  used  for  temperar 
tures  lower  than  —  31°,  or  —  35°  C.  Alwve  the  boiling  point  of 
mercury,  heat  is  measured  by  instruments  called  pyrometers.  For  very 
low  temperatures,  spirit  of  wine  thermometers  arc  usually  employed. 

575.  Spirit  thermometers;  other  liquid  thermometers.— Alcohol 
has  never  been  frozen,  and  is,  therefore,  generally  employed  for  the 
estimation  of  low  temperatures. 

Thermometer  tubes  are  filled  with  alcohol  (which  is  generally  colored  red) 
by  heating  the  bulb,  with  the  open  end  of  the  tube  thrust  into  alcohol,  and  com- 
pleting the  process  in  the  manner  already  indicated  (5CS).  The  tube  is  graduated 
by  comparison  with  an  accurate  mercurial  thermometer,  exposing  both  to  the 
same  tcnipuraturc,  and  marking,  successively,  upon  the  alcoholic  thermometer, 
the  temperatures  indicated  by  the  mercurial  thermometer  as  they  are  gradually 
heated.  The  alcoholic  thermometer  ehould  not  be  divided  into  equal  parts 
between  the  freeiing  point  of  water  and  its  boiling  point,  because  it  expands 
unequally  for  equal  increments  of  heat.  Alcoholic  thermometers  often  differ 
much  from  each  other,  because  there  is  great  difficulty  in  obtaining  alcohol  per- 
focJly  i)urc,  or  of  exactly  the  same  degree  of  concentration. 

Capt.  Parry,  in  bis  arctic  voyages  (whose  experience  was  confirmed  by  Dr. 
Kane,  Arct.  Exp.  II.,  405),  found  a  difference  of  IS°  F.  between  aleoholio 
thermometers  constructed  by  the  most  celebrated  makers ;  and  a  difference  of 
14°  F.  has  been  observed  even  at  a  temperature  of  only  15°  or  20°  F.  In  eon- 
sequence  of  this,  other  liquids  have  been  proposed  for  thermometers,  intended  to 
indicate  low  temperatures.    From  tho  experiments  of  M.  Pierre,  of  all  liquids. 


m 


TdiiittTf  sal|>hnr)eellierf  clilnrid  of  cihjle,  &tid  brorald  of  mulbjle*  wore  fouod  to 

It  Lt  i>laXu  fftfin  tlitrt?  iiftttmciPti  tbftl  n  waTP  a-eeoraiia  made  urimiflsuring  low 
Uttip«ralun!*  U  ua«  i>f  tbtt  deaidermta  of  icieuoc. 

i^TG.  BefectA  Lnheient  in  meicurial  tliermom@ters.— Be  sides 
Uigoe  sources  of  crru^r  m  tlm  itiatruiucnC  already  uoiiccJ,  tliero  are 
otHera  iTtherctit  in  the  nutur^  of  tliG  materials  employed. 

Ae  gla«ii  Jiiidl  mei-cury  ext>Qtid  unequally  by  heat.  It  is  plain  thai  we 
r^»d  in  the  merctiritii  column  not  the  absolute  oxpanftiun  of  the 
intrt'Mry,  but  the  (iiHerencc  between  its  expansion  and  thatuf  the  glass. 
If  ib«y  <*¥^randed  efiutilly,  no  moTenient  of  the  mcrctirial  column  would 
bv  j>crL't'ive<j,  otid  if  the  gla.4a  expanded  more  limn  the  mercury,  the 
Iklti^r  wtjuld  upftear  to  fall  when  the  teuipcrnture  rose.  But  aa  in  fuct 
the  mercury  cx|rands  ubinuL  seven  times  aa  much  aw  glasi^^  the  npparent 
«S|MUiMun  uf  the  metal  in  gla«if  id  about  une^seventh  lesa  than  it* 
sbmlitttf  «xpMiiflion, 

Ac^in,  it  in  pruned  that  the  expansion  of  mercury  for  equal  incrO' 
niffutfl  of  heat  ia  not  absolutely  equal,  but  inereiise*  slightly  with  tho 
tnspsralure.  At  teuiperutitreti  between  freezing  and  boiling,  thii» 
iMreMe  U  very  »light,  and  may  be  diarc^j^arded,  gmee  the  divif«iot)  of  this 
^bUiice  into  parts  t>f  eijual  Jengih  gives  the  degrees  a  mean  lcDgtb« 
dlf^lj  In  excess  fur  the  degrees  uear  freezingp  and  as  tuuch  tthart 
tor  tlitHW  near  the  boiling  poiut,  but  exact  for  the  intermediate  degree*. 
Sttt  above  the  boiiiug  point  the  error  ia  ruore  seriouit,  since  irhile  the 
dqgrm  hii?e  the  same  length,  the  space  ceeupied  by  n  unit  of  mer- 
ffory  IS  tonstantly  iucreaalng,  consequently  the  dfigrt«!9  become  On) 
•bun,  and  the  thcrrtiomcter  re^ds  too  high  a  temperature.  For  the 
reason^  below  the  freezing  point,  the  tberuiumeter  eotislantly 
indicAtes  n  temperatttre  higher  than  the  true  temperature. 

The  error  here  pulnted  out  could  be  easily  nllO'wed  for  in  thegradua- 
tinn;  tl»e  c<>eflimeiit  of  expansion  of  mercury  fur  irarittus  tcmpemturcs 
Ijeiftg  known.  But  tliis  correction  is  rendcreJ  aljiiost  imiJ<)*<«ible,  from 
the  fact  ilmt  the  rale  of  e  spans  ion  of  I  lie  glass  is  found  not  only  to 
int^reafle  abmit  as  rapidly  as  that  of  the  mercury  [and  sometiuicu  even 
tnnrr  ^^o).  but  Uj  render  the  case  yet  more  difficult,  it  is  found  that  gli*ss  of 
did'erent  kinds  varies  in  its  rate  of  expansion,  and  the  same  glass  under 
diferent  emjdrtiuns  may  aUu  T&rj. 

rtr;;»ittult,  u>  whimi  \te  are  itidebted  fot  these  data,  has  illustrated 
the  tact*  by  a  series  of  ♦ibsen-atians,  the  results  of  whtcli  are  shown 
in  the  fuUowin^;  table, 

lie  has  j*h»wn  thut  the  air  thermometer  may  be  relied  on  as 
giving  rrsulu  oluioi^t  invannblc  and  exact.  His  f'»rm  of  this  instru- 
xoimt  in  described  at  itmglh  in  his  tnerooir  before  quoted  fp.  220). 
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coxPAniso!(  or  DirrsBSXT  thebvovitebb  (cektigbadb  dbobbis). 


Air  Thermometer. 
True  Tempera- 
ture. 

7n  ornioniv  tv  r 
without  Qlau. 

6  niioDi#  ttt  r 
Flint-glut. 

ThemovBster. 
CroiTB-claH. 

Ctotflflimlef 
p«Miw«f  HOTMiy. 

o 

o 

o 

o 

0 

0 

0 

0 

0-000  im 

50  00 

49-65 

50-20 

1    0  000  uu 

100-00 

100-00 

10000 

10000 

,    0-000  UM 

120-00 

120-33 

120-12 

119-95 

1    0-000  UM 

1-40-00 

140-78 

140-29 

139-85 

0-000  UM 

160-00 

161-33 

160-52 

159-74 

0000  ISTl 

180-00 

182-00 

180-80 

179-63 

1     0  000  18N 

200-00 

202-78 

201-25 

199  70 

0-000  1890 

220-00 

223-67 

221-82 

21980 

0-000  1001 

240  00 

244  07 

242-55 

239-90 

0  000  1911 

246-30 

246-30 

200-00 

265-78 

263-44 

260-20 

0000  1921 

280  00 

287-00 

284-48 

280  52 

0  000  1931 

300  00 

308-34 

305-72 

301-08 

0  000  1941 

320-00 

329-79 

327-25 

321-80 

0000  1951 

340-00 

351-34 

349-30 

343  00 

0  000  1963 

The  temporaturcs  indicated  hy  an  air  thermometer,  recorded  in  the  fint 
column,  wore  taken  wi  a  standard,  and  are  yory  near  the  truth.  The  second 
column  gives  the  temperatures  which  would  be  shown  by  a  mercurial  column 
graduated  in  the  ordinary  way,  assuming  the  glass  to  be  without  expansion, 
thus  showing  the  errors  attributable  only  to  the  varying  rate  of  expansion  in  that 
metal.  In  the  third  and  fourth  columns  are  given  the  comparative  tempera- 
tures shown  by  thermometers  of  flint  and  crown  glass  respectively,  showing  the 
discrepancies  duo  to  difiercnces  of  material.  The  rapidity  with  which  the  rate 
(»f  expansion  in  the  mercury  increases  with  the  temperature  is  showu  by  column 
fifth. 

At  and  between  the  fixed  points  of  0°  and  100°  a  perfi-ct  accord  was  observed, 
the  small  difTcrcnces  there  existing  being  distributed  among  all  the  degrees. 
Above  100°,  however,  it  will  bo  seen  the  differences  between  the  true  tempera- 
tures and  the  several  thermometers  are  more  and  more  sensible;  and  most 
conspicuous  in  the  thermometer  without  glass.  The  effect  of  the  expansion  of 
the  flint-glass  is  seen  to  bo  approximately  to  correct  the  expansion  of  the 
mercury.  The  crown-glass  thermometer,  owing  to  the  peculiar  rate  of  expan- 
sion in  crown-glass,  is  seen  to  march  very  closely  with  the  true  temperature 
up  to  2  lfi°  :iO.  where  the  coincidence  is  perfect.  Above  that  point  the  differences 
iuore.'iHC,  until  at  340°,  the  error  is  three  degrees.  A  thermometer  of  crown-glass 
is  plainly  to  be  preferred  for  accuracy  over  one  of  flint-glass. 

The  facts  embodied  in  this  table  arc  made  conspicuous  by  a  geometrical 
construction,^  fig.  445,  in  which  the  figures  on  the  horizontal  lino  (or  axis  of 
ordinatcs)  stand  for  the  temperatures  of  an  air  thermometer  assumed  as  invaria- 
ble, and  those  on  the  vertical  line  (or  axis  of  abscissas),  for  the  differences  found 
between  the  air  thermometer  and  various  mercurial  thermometers.  The  variation 
of  the  theoretical  thermometer,  without  glass,  from  the  true  temperature,  is  seen 
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ittp^tinelj  ibm  T&riialOD  of  tbcrmoiDctiirfl  mode  wUh  fliDt-glaaa,  green  glus, 

44£ 


lltjo,  ijlafp,  and  "tcito  orJinairfi"  of  Purii!.    The  last  curve (CdrrcErpiiOn ding 

5T7.  Standard  thermometer. — TIiq  udq voidable  defects  m 
t  mc»rcLiriaI  thermc^inctcr,  Ju^t  poiated  out,  are  m  ciimmon' 
iii»tnjtnetits   greatly  exaggerated  by  errors  gf  construction, 
UbdtLrd  thermooieterB  for  iciendfic  purpoaea  lu-e  coDBtriicted 
'%h  &  scale  etigraTed  id  the  glass,  a^i  in  tig.  445.    Tbo  diviBiuDfl 
of  ibis  scale  are  marked  by  a  dividing  engine  on  tbe  surface  of 
a  covering  of  vamiehj  with  which  tbe  tube  in  coated  preparfttory 
to  etching.    As  no  calibre  is  absolutely  unifr>rm  ta  any  g\&&B 

I tube  for  a  oonsiderabie  lengtli,  tbe  value  of  the  calibre  for  every 
|iArt  of  the  tube  is  esaetly  measured  by  a  cylinder  of  mercury 
drawn  in  at  one  end  of  the  open  tube,  md  taken  m  short  that 
Ihe  error  in  tbe  length  chosen  may  be  di9rej;ardeJ.  This  cylinder 
of  merijury  is  then  gradually  moved  from  end  to  end  of  the  tube 
by  the  force  of  air  from  a  gum  elastic  bottle,  dividing  the  tube 
to  lengths  equal  to  the  euceoKsivp  k^gtbs  of  the  mercury 
'umn.    Tlje  position  of  these  auccessive  poiuts  is  marked,  and 
e«eh  of  tbe«e  divisions  is  then  subdivided  by  the  engine  into  an 
eqmil  number  of  degrees  j  varying  in  length,  of  course,  in  propor- 
'eo  to  tbe  lengths  of  tbe  several  cardinal  djvisiana.    These  gru' 
nations  are  then  etched  into  the  glass  by  esposing  it  to  tbe 
Apor  of  tlunliydric  acid,    Thia  graduateil  tube  ia  then  soldered 
cjlindrical  reservoir  prrpared  of  a  aise  proportioned  to  the 
terof  the  tube,  and  the  destitied  range  of  the  thermometer. 

The  nadtf  of  d«l*riiiming  tbo  required  aiio  of  tbif  reserroif  it  ai  toU 
»•:— 

Wa  with  tft  know  wIiaI  titi!  to  jsire  tbe  reservoir  fur  s  glvon  grtiwtttd  tuhts 
A*  aiviHli>A4  «ir  iUn  Lbcmjomc^ter  nfty  wrt^^aad  to  100°  C.  Weigh  itie  tutie 
37 
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empty,  and  abo  wben  eontalning  a  eolnmn  of  merenry  of  bd  obMired  longtii.  Wo 
thui  lean  the  weight  of  mereazy,  «e,  oceapying  »  degrees  of  the  tab*.   From  thif 
to 

we  obtdji        the  %oeigkt  of  meroury  which  will  fill  Jf  diTieiona  of  tho  tnbc^ 

w 

and  by  (M),  we  know  the  eorreiponding  rofaaw  a  y—.^^—^    Bat  thii 

Tolame  represents  the  expansion  which  the  mercury  in  the  reserroir  of  the  pro. 
posed  thermometer  must  nndergo  when  heated  ftom  0^  to  100^  C.  Kow  the 
apparent  expansion  of  mercury  under  these  conditions  is  known  to  bo  gl^  of  its 
Tolume  at  0°.   Representing,  then,  by  V  the  unknown  toIubm  of  the  resorrw, 

r  V  w 

we  shall  hare :   -^N  ■  .  and  r=  65  N — ——'   If  the  nsar- 

65         n{Sp.  Or,)  n  {Sp.  Or.) 

▼oir  is  spherical,  V  =  ^n/)*,  from  which  we  can  ealoulate  the  nqnirsd 
diameter.  If  it  is  cylindrical,  V  —  itlPk,  from  which  the  approzimato  kogth 
of  A  is  calculated  when  the  diameter  is  given. 

The  thermometer  thus  graduated  is  filled,  and  the  fixed  points  marked  as  already 
described  (56S).  Its  scale,  of  coarse,  is  arbitrary,  and  may  be  reduced  by  calcn> 
lation  to  the  Centigrade  or  any  other  scale.  Observation  determines  the  number 
of  divisions  between  Ireeiing  and  boiling,  which  we  call  Jf,  and  also  the  point  on 
the  arbitrary  scale,  corresponding  to  the  freexing  point  (0°  C).  Call  the  number  of 
divisions  below  this  point  f<°,  the  degrees  centigrade  C°,  and  those  of  the  arbitraxy 

100 

scale  A**,   We  then  have,  y=s  100,  and  (7  =  — -       —  d").  Suppose  then  are 

379  divisions  on  the  arbitrary  scale  between  the  fixed  points,  and  the  fireeting 
point  ia  the  147th  division  flrom  the  bottom,  and  it  is  required  to  know  to  what 
temperature  the  303d  division  corresponds  in  Centigrade  degrees,  we  shall  have 
C  =  (303—  147)  =  4116.  Every  such  thermometer  has,  of  course,  its 
own  equation ;  a  table  is  readily  calculated  for  itd  convenient  use. 

Every  good  standard  has  both  the  boiling  and  freezing  points  included  in  its 
range.  The  cavity  a,  fig.  446,  is  designed  to  allow  for  any  sudden  expansion 
of  the  mercury  above  the  limit  of  the  scale,  to  avoid  the  fracture  of  the  inatm- 
ment.  Similar  expanaiona  are  often  introduced  at  particular  pointa  on  the  stem, 
to  avoid  undue  length  in  the  stem  when  a  long  range  is  required.  The  whole 
scale  in  this  case  ia  distributed  between  several  thermomctera,  and  the  swellings 
so  placed  as  to  cover  in  each  ca^e  the  range  of  the  preceding  inatrument.  It  is 
thus  poasible  to  divide  each  Centigrade  degree  into  twenty  or  more  parts. 

In  accurate  obaervation,  the  whole  instrument  should  be  immersed  in  the 
medium  whoso  temperature  wo  seek,  but  when  this  is  not  iKtsaiblo,  a  correction 
may  be  calculated  by  a  formula  which  our  space  requires  us  to  omit.  (See 
Cooke's  Chemical  Physics,  p.  444.) 

II.   SELF- REGISTERING  TUERMOMETERS. 

578.  Mazimuxn  and  minimam  thermometers. — It  is  of^en  dcair- 
ablo  to  ascertain,  in  the  absence  of  an  observer,  the  highest  and  lowest 
temperature  of  the  night,  or  of  any  other  interval  of  time.  This  may 
be  done  by  tite  employment  of  what  are  called  maximum  and  minimum, 
or  self-registering  thermometers.  One  of  the  most  simple  instruments 
of  this  kind  was  invented  by  Rutherford,  and  is  represented  in  fig. 
447. 
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(a.)  Rathttrford**  xnazixnam  and  minimnm  thermometer  eonsists 
mi  two  thermoineters  atUcbed  to  a  plate  of  glass,  or  to  wood ;  their  tubes  are 
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lieDi  at  rigbt  angles,  near  the  bulbs.  Tbo  maximum  thermometer,  A,  contains 
merenry ;  the  minimum  thermometer,  B,  contains  alcohol.  In  tbo  tube  of  the 
former  is  s  small  piece  of  steel  (seen  at  A);  when  the  mercury  expands,  it 
poshes  the  steel  before  it,  but  when  the  fluid  recedes  toward  the  bulb,  the  wire 
does  not  follow  it  The  steel  is  thus  left  at  the  extreme  point  to  which  the 
mereary  may  have  moved  it,  and  indicates  the  highest,  or  maximum  tempera- 
ture, to  which  it  has  been  exposed.  The  alcoholic  thermometer  contains  a  small 
piece  of  enamel  (aeon  at  B),  sunk  below  the  surface  of  the  liquid.  The  position 
of  the  enamel  is  not  affected  by  expansion,  because  the  alcohol  readily  passes  it ; 
but  by  contraction  it  is  drawn  back  with  the  column  of  alcohol,  by  the  cohesive 
attraction  of  the  particles  of  liquid  at  the  surface  of  the  column.  Thus  the 
enamel  is  left  at  the  lowest  point  to  which  the  column  has  retreated,  and  repre- 
sents, therefore,  the  minimum  temperature  which  has  occurred. 

(b.)  Negrettl  and  Zambia's  maximum  thermometer. — A  slight 
agitation  given  to  Rutherford's  maximum  thermometer  will  often  cause 
the  steel  index  to  become  immersed  in  the  mercury,  which,  upon  ex- 
pansion, will  pass  by  the  steel,  and  thus  the  instrument  will  fail  to 
fulfill  the  purpose  for  which  it  was  designed.  This  source  of  error  is 
avoided  in  the  use  of  Ncgretti  and  Zambra's  instrument,  fig.  448. 

448 


A  small  rod  of  glass,  ab,iM  introduced  into  the  thermometer  tube,  which  ia 


th«a  beat  just  aboTfl  Lbe  ptvint  irbero  ibc  rod  is  plocod  ;  tbo  rod  aearlj  Alls  l3sm 
hot*  of  ibe  tub«i.  Wbua  in  ua«,  tbe  iastrument  [«  flu«pcadcd  borkontdJlj^  Tb« 
mcrcatyf  bjr  uxpanditig,  will  lutec  its  wb.j  put  Ui«  o^bHtruetloo,  to  Ibe  |)ol&t  £  for 
oxnuiple';  Trbtjii  |b^  t4.'(n|ivmurd  fii.Ua,  ud  t1i«  mereurj  cDutracU,  thfl  cobesina 
of  tUv-  pftrticloB  of  neroarjr  to  eacb  oilier  wlU  prevent  the  ^aluom  from  p&f4iiig 
the  rod.  Tbe  extremUj  of  tbo  oolnmni  c,  will  tberefore  indicate  the  higfaeft 
ttsmpemturo  to  which  the  iajtlrumeot  bat  been  ex(>OAcd.  It  bu  been  obterred 
tii»t  ia  thin  farm  of  inairument  the  meri^ary  do<i»  not  mova  stoadiljr,  but  bj  jerka. 

(f.)  Walferdin's  mazimam  thennonietor. — ^The  upper  part  of 
the  tube  uf  lliit*  instrurueot,  fig,  4-tO,  terminating  -with  a  small  449 
orifice,  is  eurnjuntJed  bj  a  reaervcpir  whieh  contains  Diercurj- 
Wheu  the  iii^truiueat  ia  to  be  used,  it  is  fir^t  licateii,  wherebj  thi 
mercury  rises  in  the  tube  and  flaws  over  into  the  reservoir;  450 
it  ia  theti  inverted.   The  elcnigntcd  point  of  the  tube  thua 
dips  into  the  uiercurj  of  the  reservoir.    It  is  now  oxposed, 
while  mverteJ,  tj>  a  lywer  temperature  than  the  one  to  lie 
determined.   During  this  cooling,  the  tube  will  remain  full 
becau&Q  it^  p^lnt  dipa  into  the  reserv^oir  of  mercury.  The 
instrument  ia  now  pUced  in  ita  proper  position,  and  it  ig 
evident  that  as  the  temperature  rises^  a  portion  of  mercurj 
will  pass  out  of  the  full  tube  into  the  roHervoir;  and  this 
portion  will  be  greater  as  the  temperature  h  higher. 

To  determine  afterwards  the  highest  temyiCTaturo  to 
which  it  has  been  eipoaed,  it  is  compared  with  a  stand- 
ord  thermometer.  Both  being  placed  in  a  water  hath, 
gradually  h(?atcd,  the  temperature  indicated  by  the  standard 
thermt>meter  is  observed  vrhen  the  mercurial  column  has 
risen  to  the  top  of  the  tube  of  the  mniinium  thermometer, 

579.  Metast^atic  thermometBr. — Walferdin  ha3  ap- 
plied the  same  prinyiple  to  the  construction  of  a  ther> 
mometer  deai;;ncd  to  indicate  very  small  ditFerences  of 
temperature.  In  this  Instrument,  fig.  450,  the  rcjservoir, 
and  ciilibre  of  the  tube  are  very  small,  so  that  the  instru- 
ment is  extremely  sensitive  to  small  changes  of  tcrapera- 
ture. 
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Tbe  bulb.  B,  correiipoadH  to  tbn  reservoir  in  €g.  449.  Juit 
below  tbia  bulb,  Ihe  captllikry  tube  fiudftcinlj  t-ontriuUi'  at  C.  Tbe  vtein  ii 
f  raduaiL^d  into  parts  of  equal  cnpiirUy,  csacb  of  which  rcpresenls  a  vctt  iniall 
fraclion  of  a  dcgrto.  In  as'ifif;  this  therm omtiter,  It  id  fir^l  bL«atcd  li>  tk  Irm- 
purntiirei  »omGwbat  higher  than  the  one  it  is  dL-sircd  (o  pjiLimnto,  Tbo  tpcrnirr 
ri^ea  in  tbe  Lubu  and  partially  BLlst  I  ho  bulb.  A  sU'^bt  jjtr  gtven  to  the  tni>l.ra- 
mout  wbilo  cooHog,  cRiistt  tbe  meroutial  column  I^j  break  at  ibv  point  of  am- 
trtvctioii,  aad  while  a  portion  of  mercury  r«Mnftina  in  tbe  bulti,  tlii!  inerfitriaJ 
ooluinn  etnka  down  to  a  poiatsomewb^  above  tbe  ratoriroir.    The  tbermotu«ti*r 
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■mft  now  b«  exi»o««4  to  •  kti«»irn  t«w|)i!rn.ttiTti,  very  tic^^r  td  that  wo  with  lo 
wUtuA-iiiB ;  the  paoition  of  the  level  <!*r  the  uiercory  m  the  tulw  is  then  nolBtt.  Tha 
thfrmofnptC'f  is  Dfixt  aui>Jccto(t  to  tbe  mediuuij  wUr>f'fi  tcmporatare  ii  W  bo  «9ti> 
msttfcl.  Bup]ms«  there  iif  a  difTvrtMiHfe  in  tb«  level  of  the  mtircuHAl  colutno  in  tb« 
Cwu  oaici,  IB  dirlniutis  <^>r  ihii  ^fbitmrf  jicajc,  if  1100  ofthesii  diriaionj  aro 
•ffufcl  to  MHO  Jogr^c.  then  ih<t  difference  in  t^Ripomture  mixtt  l)o  ^i^j*,  qf  a  decree. 
WAlfcrdiu  hits  rui|))ujud  thermometers  of  ibia  kind  which  in<iii'ifti&d  onu  oho- 
butidrrJlti  { fl)  and  cveo  odo  ODC-tbyusandLb  (jf^'^ig}  of  a  degr&t,  Ccijii{rrndo^ 
i^^  mtnl  cit  II  drgree  F.).  By  cauiLcg:  mi>r«i  or  Iv^x  metvuty  to  flow  iota  iho 
upper  balli,  dtfftrtJMffa  ij}  (empef*tur&  may  be  eyiiniftted  Tor  different  points  on 
tb»  Wftls.  A  linglo  thtrrooiQoter  of  tbi«  dcscriptioD  tamj  laJke  the  pliM«  of  * 
sf  therm ometers  with  a  fractluuHl  aculc^ 


III,    SIlTAI.UC  TI1J;R1I01IETI;II3  and  PrROSISTERS. 

Bregtiettt  metallic  thermometer.— This  instrument,  remnrk- 
the  extreme  nensitivene^ia  of  its  iudieatluns,  <3cpoad»  upon  the 
unequal  expansion  of  difTerent  tnetala  ;  it  is  represented  in  fig.  45 1. 
Slri|*«  of  plaiinnm,  goidf  and  filver,  aflor  h^itig  eohlet-ed  together  Ihrctugb- 
t  their  wbgle  kagih,  ufl  rolled  into  a  thin  riblM>iii, 
rntUk  «  ti>«n  formed  into  ii  spiraJ,  or  ■  hclii.  Tbo 
nf»||>or  ettremitj  of  tbid  faoUx  is  Axed  tc  a  smppnrtT 
tad  to  tho  lower  sad,  at  right  nDglea  to  it,  h  dltiii-beJ 
A  needle,  morin^  over  a  grAdunted  ciict'e',  ref&mUlitig 
i}le  dl&l  of  A  WAteh.    The  filvcr^  which  is  ihu  moat  f<x- 
]»Antible  of  the  three  metals,  fonuj  the  i&tiur  fuoeor  Iho 
helix  I  the  plAttnum,  nhkh  i>  tbe  Icut  expkiij^ibk, 
formfl  the  outer  taca,  and  the  gold,  which  hiu  aa  iaber. 
mefiiAtv  ejLpantibElitjp  10  meludk^d  Ue- 
Iwecu  tkem,  and  moderate*  their  clTectJ. 
Whew  the  tfinpt'raturi}  rise*,  ihe  silrer^ 
expanding  launt  thiui  ihv  other  ineUtla, 
the  hcMx ;  the  coittrar;  effect 
jilace  wben  the  tern  pi?  ru  lure  Is 
L    This  thennumctcr  ii  pmdn- 
f^4.  hj  comparlsoQ  with  u  stttndard 
■leretiriAl  lb «;rmu meter.    Tbe  in«lrti- 
n»iit  ji  partiiuifirly  ojeful  wheo  very 

rtriatiati^  nf  tetupcramre  iwis  to  be  detennioed 


Another  form  ia  aorao' 

gired  to  it.  Tbe  cutnpound  ribbon  Winjj  bent  into  tbe  form  of  a  loiter 
r,o««  of  tbe  eattfcntiliee  h  fiied.  *ud  the  other  ta  left  free  to  move.  By  toe  an  a 
of  m  Urer  and  tniitbed  wheels,  the  movenioDtr  wbicb  cbanf  of  tcoiperature 
Mu«  in  the  free  end  are  eorajuuoicnted  to  a  polDtcr,  moving  over  a  dial. 

$SL  Saxtoa's  deep  Bea  metallic  thermometer.— Mr.  Josi&ph 
S*xlon,  of  the  United  SUte«  Coast  Surrey,  hm  adnpted  tbe  prlticipb 
ofBreguet'i  motallio  thermometer,  to  the  conitructioti  of  an  instrument 
hy  which  Dumeroos  tery  accurate  ubEervatitmB  Imve  hveii  made  upon 
the  t^tnjvcrature  of  the  sea  in  deep  soundings.  Silver  and  plutinum 
fyrm  the  compound  ipiral,  and  ita  tor»ioa  is  regietercd  by  an  it»dex, 
tooted  hy  multiptying  wheels,  and  earrying  forward  a  t«U-ta1e,  or  stop- 
ST* 
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hand,  to  the  lowest  temperature  attained.  This  instniment  has  been 
some  years  in  use  for  deep  sea  soundings,  with  the  best  results.  A 
small  correction  in  the  readings  is  made  (not  exceeding  one  degree 
for  600  fathoms)  proportionate  to  the  depth  of  the  sounding. 

The  term  pyrometer  is  sometimes  applied  to  instruments  intended  to 
measure  changes  of  dimensions  in  bodies  at  low  temperatures  by  the 
expansion  of  solid  rods  ;  such  is : — 

582.  Sazton's  reflecting  pyrometer. — In  the  measurement  of  the 
base  lines  of  the  larger  triangles,  in  the  suryey  of  the  coast  of  the  U.  S., 
the  greatest  accuracy  is  required.  These  lines  are  sometimes  forty  or  fif^ 
miles  in  length.  An  instrument  constructed  by  Saxton,  under  the  direo* 
tion  of  Prof.  Bache,  accomplishes  this  object  perfectly. 

The  moasuring  rods  are  compound  bars  of  iron  and  brass,  so  proportioned  in 
their  cross  section  as  to  equalize  their  differences  of  specific  heat  and  condnett- 
bility,  while  their  unequal  expansions  compensate  for  each  other,  and  preserve 
an  invariable  length.  To  verify  those  bars,  the  ends  are  brought  into  contact 
with  two  blunt  knife  edges ;  one  immovable,  the  other  forming  the  shorter  end 
of  a  compound  lever ;  having  at  the  other  end  a  rotating  mirror.  Any  variation 
of  length  in  the  bar,  by  changing  the  angular  position  of  the  mirror,  gives  evi- 
dence of  the  change  to  an  observer,  whose  eye  is  placed  at  a  telescope  dirMted 
towards  the  mirror,  in  which  the  one  twenty-five  thousandth  of  an  inch  on  a 
scale  is  magnified  into  a  unit  of  graduation,  about  one-fourth  of  an  inch  long, 
from  which  the  one  hundred-thousandth  of  an  inch,  or  about  one  four-millionth 
of  a  metre  is  easily  read.  If  desirable,  this  degree  of  minuteness  might  be 
greatly  increased.  This  simple  and  beautiful  contrivance  has  superseded  all 
methods  previously  known  for  verifying  rods  of  any  length.  It  is  sensibly 
affected  in  bars  six  metres  long,  by  changes  of  temperature  otherwise  quite 
inappreciable,  and  it  then  becomes  the  most  sensitive  of  thermometers.  Thia 
molbod  is  good  only  for  end  measurement. 

583.  Wedgewood's  pyrometer. — The  range  of  the  mercurial  ther- 
mometer is  limited  by  the  boiling  point  of  mercury ;  higher  tempera- 
tures are  measured  by  the  effects  of  heat  upon  solids  with  instruments 
called  pyrometers. 

The  celebrated  English  potter,  Wedgcwood,  invented  the  first  pyrometer  used, 
founded  upon  the  contraction  which  clay  undergoes  when  exposed  to  high 
temperatures.  Ho  assumed  this  contraction  to  be  as  much  greater  as  the 
temperature  was  higher.  The  results  obtained  with  this  instrument  are,  how- 
evrsr,  inaccurate,  as  it  is  now  known  that  the  contraction  which  clay  undergoes 
depends  rather  on  the  duration  than  on  the  intensity  of  the  heat,  and  is  much 
modified  by  the  particular  sort  of  clay  employed. 

584.  Danieirs  pyrometer  is  an  instrument  capable  of  exact  mea- 
surements of  high  temperatures  by  the  expansion  of  a  bar  of  platinum 
encased  in  a  sheath  of  black  lead.  The  bar  and  its  caf^e  are  adjusted 
both  before  and  after  the  experiment  to  a  measure  which  indicates  on 
a  graduated  arc  the  degree  of  expansion.  The  degrees  of  temperature 
are  then  calculated  from  the  known  rate  of  expansion  of  platinum. 


HEAT. 


411 


585.  Draper's  pyrometer. — This  instrument  registers  its  results  by 
the  expansion  of  a  little  strip  of  platinum,  heated  (in  free  air)  by  a 
neasared  current  of  Toltaio  electricity. 

The  platinam  strip  is  connected  with  the  short  end  of  a  lever,  whose  longer 
hmh  tuaka  npon  a  graduated  are  the  degree  of  expansion.  With  this  delicate 
iutmment,  Prof  Draper  condncted  a  series  of  experiments  upon  the  tempera- 
tare*  at  which  bodies  become  visibly  red,  in  the  dark  and  in  diffused  light,  the 
temperatures  being  determined  from  the  coefficient  of  expulsion  in  the  several 
metala.   (Am.  Jour.  Sci.  [2]  IV.  388.) 

586.  Estimation  of  very  high  temperatures. — According  to  Bun- 
sen's  calculations  (Gasometry,  p.  236-243),  the  temperature  of  a  hydrogen 
flame  burning  in  free  air  is  3259*'  C.  (=  5898°  F.),  and  of  defiant  gas 
5413^  C.  (=  9775**  F.).  Since  it  is  probable  that  at  high  temperatures 
the  radiating  power  of  a  body  for  heat  is  proportional  to  its  radiating 
power  for  light,  we  are  in  possession  of  the  means  of  comparing  the 
intensity  of  glow  of  a  coil  of  platinum  heated  in  a  furnace,  or  in  a 
stream  of  lava,  with  the  glow  from  a  like  coil  heated  in  a  flame  of 
known  temperature,  and  thus  approximately  of  estimating  the  tem- 
peratnre  of  a  furnace  or  of  a  volcano. 

IV.  THERMOSCOPES. 

587.  Thermoscopes. — This  name  (from  OipjiTjt  temperature,  and 
inoTzitOt  to  see)  is  applied  to  a  class  of  instruments  designed  to  indicate 
small  differences  of  temperature,  and  not  to  measure  them  in  degrees. 

Air  thermometers. — As  air  contracts  and  expands  uniformly  and 
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quickly,  it  is  often  used  where  slight  and  sudden 
variations  of  temperature  are  to  be  observed.  The 
contractions  and  expansions  which  it  undergoes, 
are  rendered  visible  by  the  movements  that  it 
causes  in  liquids.  Such  instruments  are  often 
called  air  thermometers,  but  are  not  to  be  con- 
founded with  the  form  of  air  thermometer  described 
by  Regnault,  which  is  the  most  accurate  measure 
of  temperature  jet  made  known.  The  results  in 
the  first  column  in  the  table  on  p.  404  were 
obtained  by  the  air  thermometer  here  alluded  to, 
some  notice  of  which  will  be  found  in  the  section 
on  expansion. 

The  simplest  air  Ibcrmometor  is  that  represented  hj 
fig.  452,  and  is  often  called  the  thcrmometor  of  Sano- 
torius,  an  Italian  philosopher  of  the  17th  century.  It  is  a  bulbed  tube,  filled 
with  air,  having  for  an  index  a  drop  of  colored  liquid  in  the  stem  at  A.  The 
movements  of  the  index  show  the  variations  of  temperature.  Another  form  of 
the  same  instrument  U  represented  by  fig  403.   The  extremity  of  the  tube  rests 
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in  the  colored  liquid  contained  in  the  open  Tessel.  If  the  bnlb  ia  heated,  the 
liquid  fallfl  in  the  tube,  and  rises  if  the  bulb  is  cooled. 

Amontons'  thermometer,  fig.  454,  is  essentially  the  same  as  the  last;  the 
bulb,  C,  is  partially  filled  with  colored  liquid.    Expansion  of  the  air  contuned 
in  the  upper  part  of  the  bulb,  C,  causes  the  liquid  to 
rise  iu  the  tube  A  B. 

These  instruments  are  necessarily  imperfect, 
the  varying  pressure  of  the  atmosphere,  and  tl 
only  as  means  for  the  illustration  of  principli 
class-room.  , 

(a.)  Lealie*8  differential  thermo-  ^ 
meter. — This  instrument,  fig.  455, 
avoids  the  objection  to  the  open  air 
thermometer.  It  was  used  by  Leslie 
in  his  experiments  on  radiant  heat, 
and  consists  of  a  two-bulbed  tube  filled 
with  air,  bent  twice  at  right  angles.  It 
contains  a  column  of  sulphuric  acid  in 
the  stem,  which  stands  at  the  same 
height,  if  both  bulbs  are  equally  heated,  but  if  one  is  heated  more  than 
the  other,  the  difference  is  seen  in  the  unequal  height  of  the  two  columns 
as  shown  in  the  figure. 

(6.)  Howard's  differential  thermometer,  fig.  456,  contains  ether, 
and  the  vapor  of  ether,  in  456  457 
place  of  common  air.  It 
is  by  far  the  most  sensitive 
instrument  of  its  class.  It 
was  invented  by  Professor 
Howard,  of  Baltimore,  in 
1819. 

(c.)  Rumford's  thermo- 
Boope,  fig.  457,  is  an  instru- 
ment resembling  Leslie's,  ^ 
and  like  it,  contains  air.  The  horizontal  tube  is  longer,  and  the  bulbs 
larger,  than  in  Leslie's,  and  a  short  column  of  sulphuric  acid,  n,  sepa- 
rates the  two  masses  of  air,  and  by  its  motion  over  a  scale  of  equal 
parts,  serves  to  indicate  differences  of  temperature. 

588.  Thermo-multiplier. — By  far  the  most  delicate  of  all  means  of 
measuring  small  variations  in  temperature,  is  the  thermo-multiplier,  or 
thermo-electric  pile  of  Nobili  and  Melloni.  Its  indications  depend  on 
the  production  of  electric  currents  by  small  changes  of  temperature. 
It  was  with  this  instrument  that  Melloni  conducted  the  remarkable 
series  of  researches  on  the  transmission  and  radiation  of  heat  which 
are  noticed  in  their  appropriate  place,  farther  on. 
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I.  expansion;  of  SOf.ItUS. 
,  I^n^ar  ^xpanBion^^PjtometeTs.^ — The  generni  fitct  of  tliO 
e«i>an8ioii  of  bodies  hj  heal,  has  alreatly  been  elated  in  |  Lineur 
expanaloD,  or  expanaion  ia  n.  single  directioD,  is  illustrated  hy  tha 
Apparatus  seen  in  fig.  458.    A  metallic  rod,  A,  secure! j  held  bj  a  screw 

45  S 


i$  iltc  end,  B,  is  tieated  hj  the  6 nine  of  an  ftloobol  lamp,.  The  eiytM* 
Im  ftbown  bj  the  movement  of  the  index,  K,  over  the  graduated 
,  (»ccftsioiied  hj  the  pressure  of  the  fore  end  of  the  rod  against  tiie 
thort  er*d  of  the  tpdex.  At  the  beginnitig  of  the  experiment*  the  rod 
A  ii  »djoiited  by  die  screw  m  that  the  index  slanda  at  aero;  as  the 
fOd  oools  the  index  returns.  Rods  of  various  metals  and  alloja  may  be 
nued  for  comparison.  Such  an  instrument  is  called  a  pyn^mrfer;  but 
it  has  no  scientific  value,  being  replaced  by  iisetrumenta  of  far  greater 
deUe«ey.  Those  named  in  g|  682,  584,  and  585  are  examples  of  the 
accurate  application  of  linear  expansion  of  i^lids  for  the  exact  adniea^ 
ureatent  cifeliangea  of  temperature. 

590.  Cubical  ezpansion  in  solids  may  be  tUown  by  the  apparatus, 
Sg.  459.  The  ring  of  metal,  m,  allows  tlto  *59 
ball  of  copper,  a,  merely  tn  pass  thrtiugh 
it  at  the  ordinary  temperature.  If  the 
IaU  is  hpatcd,  it  eipands  in  alt  direc 
tions,  and  vill  then  no  lunger  pats 
Ihrtmgh  the  ring,  but  rents  nf.Kin  it,  as  it 
shown  in  the  figure.  Aa  the  ball  cotd#i, 
itgradually  returns  to  its  original  dimen- 
aiiOiu,  and  agatn  passes  through  the  rini: 
MiMfere. . 

Plffftrff'nt  solids  expand  unef|ually,  but, 
fbr  tho  most  part,  uniforntly,  in  all  directions,  and  return  to  their  origt- 
diuienetions  on  cooling. 
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There  are  Bome  exceptions  to  this  general  statement.  Wood  ezpandf  and 
contracts  more  in  the  breadth  of  its  fibres  than  in  their  length ;  and,  when  it 
is  considerably  heated,  it  contracts  permanently.  Ctaif  also  contracts  perma- 
nently by  heating,  and  becomes  vitrified;  now  chemical  compounds  being 
formed.  The  particles  of  lead  slide  over  each  other  daring  expansion,  and  do 
not  return  again  on  cooling  to  their  original  position.  Lead  pipes,  which  con- 
vey hot  water  or  steam,  become  permanently  elongated ;  and  the  leaden  linings 
of  bath-tubs  and  cisterns,  which  receive  hot  water,  become  gaUiered  into  ridges 
from  this  cause. 

Relation  between  cubical  and  linear  expansion. — The  linear 
and  cubical  expansion  in  any  homogeneous  solid,  is  so  related,  that, 
by  the  same  elevation  of  temperature,  its  length,  breadth,  and  depth 
will  be  increased  in  the  same  proportion.    Thus : — 

If  a  solid,  heated  to  a  certain  temperature,  increases  in  length  one  one-thou- 
sandth of  it<  original  length,  its  surface  increases  two  one-thousandths  of  its 
original  area,  and  its  volume,  throe  one-thousandths  of  its  original  bulk. 

This  theoretical  view  is  found  to  be  nearly,  but  not  quite,  true,  in  fact. 

Expansion  of  crystals. — Crystals  of  the  monometric  system 
(154,  a),  like  common  salt,  fluor  spar,  &c.,  expand  equally  in  all  direc- 
tions. In  this  system,  all  the  crystallogenic  axes  are  equal,  and  at 
right  angles  to  each  other.  In  crystals  of  all  other  systems,  the 
expansion  is  the  same  in  only  two  directions  (dimctric  system,  154,  6), 
or  it  is  different  in  all  three,  depending  upon  the  position  of  the 
crystallogenic  axes  to  each  other.  The  amount  of  expansion  in  some 
crystalline  compound  bodies,  e.  g.^  fluor  spar,  aragonite,  sulphate  of 
barytes,  quartz,  &c.,  is  found  to  be  greater  than  in  metals,  contrary  to 
the  generally-received  opinion. 

591.  Coefficient  of  expansion. — The  small  gain  in  length  in  a  rod 
1  foot  or  1  metre  long,  when  heated  from  32*'  to  33°  F.,  or  from  0'  to  1° 
C,  is  called  its  coefficient  of  linear  expansion. 

1.  Coefficient  of  linear  expansion.  If  the  length  of  the  bar  is  7,  at  the 
temperature  of  32°,  its  length  at  33°  is  7  -{-  IK^  composed  of  its  original 
length,  Z,  and  a  small  fraction,  IK^  variable  with  the  substance  experi- 
mented on. 

If  the  rod  is  carried  succcBsively  through  the  scale  of  temperatures,  it  gains, 
at  each  degree,  a  new  elongation,  which  experiments  show  to  be  nearly  constant, 
and  equal  to  IK,  so  that  if  the  rod  is  elevated  from  32°  F.,  to  t  degrees  above 
32°  F.,  its  total  gain  in  length  is  expressed  by  IKi,  and  its  new  length,  is 

/  + /A'f,    or,  ^^/(l-!-A7). 
At  any  other  temperature,  t', — this  expression  becomes,     6  —  /(I  -j-  A't'),  and 
if  the  value  of     (any  temperature  above  32°),  is  sought  in  terms  of  U,  we  write 
approximately,  V  =  /,[!-[-  A'  (('  —  f)]. 

The  coefficients  of  expansion  for  some  of  the  most  frequently  occur- 
ring solids  is  given  in  Table  III.,  in  terms  of  the  decimal  system. 

2.  The  coefficient  of  anperfieial  expantion,  is  obtained  from  the  expres- 
sions for  linear  expansion,  by  inbstitating  iS*  and  St  for  {  and  Ifi  thus:— • 
St    —    S  (1  +  3ir(),  where  2Jr replaces  JTin  the  formula  for  linear  expansion. 
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S.  Tk0  eoe^itnt  of  eubie  txpantioHf  ia  the  Bmall  fk-action  of  ita  Tolame, 
"hj  which  ft  ftolid,  liqaid,  or  gas  is  increased  when  heated  from  32"  to  33°  F. 
Asiamiag  the  expansion  to  be  proportional  to  temperature,  we  must  admit  the 
TolosM  r  at  (  degrees  and  at  32  degrees  to  be  proportional  to  the  cubes  of  their 
^•■ologoas  dimensions.  Bj  the  same  reasoning  as  before,  we  bare,  therefore, 
the  formnla;  =  K(l  -f-  ZKt),  hj  which  the  increased  rolome  (  V)  of  any 
mass  of  matter  may  be  calculated  when  the  Talne  of  V,  t,  and  K  are  known. 

The  eoeScient  of  cubic  expansion  may  also  be  determined  accurately  from 
the  speeifle  gravity  of  the  solid  taken  at  different  temperatures,  thus : — 

Let  (Sp.  Gr.)  and  (Sp  Or.)'  represent  the  specific  gravities  of  any  solid  at  the 
two  temperatures,  t  and  t' ;  let  If  be  the  weight  of  the  solid  under  trial,  V  its 
volume  at  32",  and  K  the  co-eflScient  to  be  found;  then,  since  by  the  last 
expression,  we  know  the  value  of  the  solid  at  t°  and  ('",  V  {\  -\-  ZKt),  and 

F(l  +  ZKt',)  we  have  from  J  99  {Sp.  Or.)  =  y^^-^-^^,  and 

10 

{Sp.  Or.')  =  y  ^1  _^  3AV)'    ■^^^  ▼■J""  co-efl5cient  of  cubic  expansion, 

is  obtained  from  the  reduction  and  combination  of  these  two  equations 

Z{Sp.  Gr.yt'  —  3(*>.  Or.)t 

This  coeflScient  may  also  be  obtained  from  the  apparent  expansion  of  mercury. 

It  is  plain  that  all  questions  relating  to  the  expansion  of  solids,  may  be  solved 
by  these  expressions,  when  the  value  of  K  is  known ;  and  that  this  quantity 
must  be  the  subject  of  exact  experimental  determination  in  each  solid.  Our 
limits  do  not  permit  the  description  of  the  various  means  by  which  the  linear 
expansion  of  solids  has  been  measured.  In  the  researches  of  Lavoisier  and 
Laplace,  a  bar  of  the  substance  under  examination  was  heated  in  a  water-bath. 
One  end  was  fixed,  the  other  free,  and  touched  the  end  of  a  lever,  acting  by  any 
expansion  of  the  bar,  and  causing  a  movement  observed  in  a  telescope  attached 
to  the  lever,  as  already  described  in  ^  582.  The  expansions,  from  32°  to  212°, 
were  thus  read  off  upon  a  scale  placed  at  a  proper  distance. 

The  capacity  of  hollow  vessels  is  increased  by  the  expan- 
sion of  their  walls,  to  the  same  amount  which  a  solid  mass  of  the 
same  material  and  volume  would  expand  hj  a  like  change  of  tempera- 
ture. Hence  it  is  easy  to  calculate  from  the  known  co-efficient  of  glass, 
or  any  other  substance,  the  changes  of  capacity  of  hollow  vessels. 

The  amount  of  expansion  in  solids,  between  freezing  and  boiling, 
is,  after  all,  but  a  very  small  fraction,  being,  for  zinc,  which  is  the  most 
expansible  of  all  metals,  only  one  three-hundred  and  fortieth  of  its 
length ;  while  glass  expands  only  about  one-third  of  this  quantity,  for 
a  like  change  in  temperature  (1  in  1248).  The  order  of  the  expansi- 
bility of  metals  and  glass  is  as  follows,  commencing  with  the  most  and 
ending  with  the  least  expansible : — zinc,  lead,  tin,  silver,  brass,  gold, 
copper,  bismuth,  iron,  steel,  antimony,  platinum,  glass. 

*  In  all  these  formnlse,  t  is  taken  to  represent  the  number  of  degrees  above 
the  freeiing  point 
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This,  it  is  worth  while  to  remark,  is  also  very  nearly  the  order  of 
compressibility  of  the  same  substances. 

Ice  is  more  dilatable  than  zinc,  in  the  ratio  of  ^ ^7  to  y^^.  The  con- 
traction of  ice  by  cold  has  been  observed  fur  30°  or  40°  below  the 
freezing  point. 

The  most  expansible  solids  are,  in  general,  the  most  fusible,  e. 
ice,  zinc,  &c. ;  while  the  least  expansible  metal,  platinum^  is  also  the 
least  fusible  ;  but  in  other  cases  this  comparison  fails. 

The  hardness,  ductility,  and  other  physical  properties  of  the  metal^ 
appear  to  sustain  no  relation  to  their  expansibility. 

592.  The  ratio  of  expansion  increases  with  the  temperature. — 
Between  32°  and  212°  F.,  the  increase  in  the  coeflScient  of  expansion 
in  solids,  is  hardly  appreciable ;  but  for  high  temperatures,  the  increase 
becomes  a  considerable  quantity.  Regnault  has  determined  the  mean 
coefficients  for  glass,  when  blown  in  hollow  vessels  between  zero  C.  and 
the  following  temperatures — the  coefficients  being  in  each  case  ten-mil- 
lionths  of  the  whole : — 

Coefficients.     K.  =  276    284    291    298    306  313 
Temperatures,  C.     100°   150°   200°   250°   300°  350° 
This  increase  in  the  coefficients  of  expansion  of  bodies  by  rise  in 
temperature,  is  probably  due  to  the  distance  between  the  particles  aug- 
menting with  the  heat.    Their  mutual  cohesion  is  thus  more  readily 
overcome. 

In  the  case  of  glass,  which  has  been  more  carefully  studied  than  any  otiier 
solid,  it  appears  from  the  results  of  Regnault,  not  only  that  glasses  of  different 
composition  differ  in  their  coefficient  of  expansion,  but  the  same  glass,  in  solid 
rods,  expands  more  than  in  the  form  of  tubes ;  and  that  great  and  sudden 
changes  of  temperature,  as  in  making  a  thermometer  (573),  may  vary  the  co- 
efficient of  expansion,  owing  probably  to  slow  molecular  changes  in  the  glass. 

593.  Amount  of  force  exerted  by  expansion. — The  enormous 
force  exerted  by  an  expanding  or  contracting  solid,  may  be  conceived 
by  estimating  (from  the  coefficient  of  elasticity,  \  161)  the  power  requi- 
site to  produce  an  equal  change  of  length  by  compression  or  by  traction. 

Assuming,  in  round  numbers,  the  coefficient  of  elasticity  of  iron  at 
212°  —  21,000  kilogrammes,  a  bar  of  iron,  one  metre  long,  expands 
0-0012  m.,  if  heated  from  32°  to  212°  F.  Therefore  a  bar  of  iron,  one 
square  inch  in  section,  raised  from  the  temperature  of  freezing  to 
boiling  water,  expands  with  a  force  of  35,847  pounds;  or  it  exerts  a 
force  of  199' 15  pounds  for  every  degree  Fahrenheit  that  its  tempera- 
ture is  elevated. 

When  a  bar  of  iron  one  inch  square  has  its  temperature  changed 
12°  F.,  its  expansion  or  contraction  exerts  a  strain  equal  to  one  ton 
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irtigbti  Rnd  If  Turied  Stum  10°  to  00",  a  comrooo  change  from  winter 
li>  Buutuier*  it  expand*  iritU  a  fefrce  or  about  seven  tons, 

TL*  firew  of  pon tnuc-tiofi  io  n.  cooliag  enlid,  is  equal  ItJ  the  r^rco  of  ejpanaioti 
rnhm  it  U  Iteated.    Tbis  forc«  ii  c«o«taiitljr  uvad  in  tba  iirts. 

Tb»  wftlli  of  ATI  »rcbcd  galleT;  ia  tbe  Muftoum  of  Artft  Ami  Trtides  in  Patia, 
Itsring;  balfc^  ontwutfi  hj  ibe  weigbt  of  Lbe  arcb^  4gg 
llotwit  pl»e«d  ■  jcriej  of  iron  ban,  Dg.  460,  througb 
tjb«  v»l[,  Acf tired  by  tiuU  oo  tbe  outside.  Ihts  uJler- 
■■It  li«rf  wero  first  bcfttcd  bj  c^biLrfosit  rurniifeii, 
9m4,  wbcn  ibcy  were  expanded^  tbe  nifti  were 
«mv«d  flriclj  up  to  tbe  waHa.  Aa  tha  bAr«  t:o<iltn), 
Ibcy  drfrir  up  ibe  walla  to  ftn  exUnt  C(|aft}  to  Lli<>ir 
«o«tr*ctinti,  Tlie  otbcr  bftlf  of  ibe  bfers  ircro  in 
like  maimef  bcntcd  And  cooled  ;  %ad,  hy  n  Roriei 
•f  op«rptioii«^  tlie  wbIU  were  gradually  broug'lit 
to  u  met  po«itiun.  A  tttnilar  proceeding  ma* 
■idopi|«<l  iu  tbe  Ci»tb«drAl  ftt  ArisAgb,  and  in  AsLore- 
boMKi  in  I'roTideuce,  K.  L 

Wb«elirrigfaU  Aod  eoofj-ers  make  iron  tirei  And  boo|»9  a  liltte  stuiillcr  thta 
tbe  wbrel  or  UArrvl  fur  whkb  tb«jr  Are  df«ijc;ticd;  ihtasn  are  KptiUcd  iu  u  lii?At4i4 
MM*,  Vtd  qye&obcd  ;  aa  tb«y  cootrAct,  tbty  bind  tliic  [mrU  Urniljf  tu^i'ibtir.  Tbe 
bMTj  irpsiof  ht-ifwn  rim*  of  tbe  dnving-wbeol*  of  loptunotivo  euj^int>fip  arc  sbnmk 
on  In  tbe  tsose  wajt.  IIaiI  cat  wheels  are  oftca  ca^t  iffitb  v]dit  bubs,  lo  Allow 
ftimy  for  the  anequal  eontraction  of  tbe  hour  j  riiiii  luid  li^cbter  Arius,  or  lite  latter 
wwld  be  brok«n  at  tbo  bub,  or  rtm,  un  cuidiD/;.  Tiio  iume  precaution  is  reqai- 
•ilA  in  aU  CA»tib^«  where  heitvjr  Miid  li}^bt  pArls  nr<a  uuitt^d.  Builcr-|i1atua  ara 
riTvlvd  togetber  witb  red  bot  rirelf,  wbieh,  on  njuvWng,  drAw  tbe  pluU;  tugt'iber 
nvtrm  Srraljr  Iban  anj  otber  iur»n9  vuukd  du.  Wb^ii  ibo  4lo;>|jer  of  a  botljo 
•tkbiw  it  litaj  i]»ual[ii'  bv  witbiirnwn  t),v  healtuj;  tbe  netrk  of  (he  bt^tllo  witb  a 
•pifiklaaipp  or  witb  a  elutb  dipp«d  iti  mnrm  wai«r«  The  bcctt  b  tbue  expAttded, 
ftod  tbA  ttiipper  U  rekA9cd. 

50  i,  Cdnunon  phenomena  produced  hf  the  e^paiuion  of 

Aolidii, — In  everj-day  life  may  be  seen  mimerous  phorioineim,  cfltisetl 
\ifj  tbe  expansion  and  contractiuD  of  BubsttLnceB  by  TariutiijDs  in  leni' 
fi«mture. 

A  itov»  ftispi  and  erAiCkkf  wbeti  tbe  fire  ii  lighted,  atid  AgAin  wbeti  it  It 
eitlDgui?htd,  b«cau«e  of  tb«  ancqaAl  expanaioti  Aod  cos tr Action  of  tbe  difT^retil 
parta^  Tbe  plk^b  uf  a  plAQO-forta,  or  bnrpt  is  towered  in  a  WArm  room^  owinff  to 
the  «ipana)oii  of  tbn  firiinigi)  being  greatcir  tban  tbal  of  ibo  wnndeu  frnini]'  wbirb 
iap(M>rU  tbcat ;  Aud  for  th«  reverse  rcASOo,  tba  pUcb  itf  rutted,  if  tliu  room  u 
cooled, 

XaiIm  dHvtn  fnU)  wotid  hfltrn  become  lonite ;  tbe  exTtan^ttio  And  (contraction  of 
tbe  naii»,  tbruugh  irAriatiuna  of  tcmperffltare,  gmdnally  enlarging  the  botee. 
A  gv,tvi  in  an  irno  railiog  may  be  aatUj  vhat,  ur  rifi>i>n<id,  in  a  cold  dnv,  but  nnij 
wUli  diflicolijr  in  t,  iSny,  bcfttusG  ihp  gaU  ilwlf,  Aud  the  iwrroiiudtug  ralt- 
lagA,  h«Te  b«<'  ••■-i  bj  tbe  heat^ 

AntroAoitilrtil    .  i! in,  plm:rd  tm  a)eral«4  liAitdtogd,  Arv  »u(ntitLitiirB  «ensibly 

d«rAAf«d  hy  ibo  cApiiosiuCi  of  tbe  nnlti  eipui>ed  to  tbe  fun,  Irvii  And  filNTinum 
wrlrve  laAj  be  fiiceeofulJj  cotdercd  int'O  g]ii»f,  becAnse  ib^ir  mtiluAl  cxpanftibiUty 
difen  TArj  Utile,  wbil*  tilrer,  |;oM,  and  copper,  •tmSlAflj  tr«At«d,  emk  out 
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the  joint  oools,  beettOBO  their  expansibility  ia  mnoh  greater  than  that  of  the 
glass. 

Qlass  and  earthen  vessels,  with  thick  walls,  are  liable  to  break  when  hot 
liqnids  are  suddenly  poared  into  them.  The  surTaees  in  contact  with  the  hot 
liquid,  expanding  before  the  other  parts  are  affected,  hare  a  tendency  to  warpi 
or  bend  the  sides  unequally,  and  the  brittle  material  breaks.  We  use  this  pecu- 
liarity of  glass  to  convert  broken  vessels  in  the  laboratory  to  useful  purposes. 
Since,  by  a  red-hot  iron,  or  the  point  of  a  burning  coal,  we  can  lead  a  crack  in 
any  direction,  and  thus  safely  divide  the  thickest  glass. 

Bunker  Hill  Monument,  ah  obelisk  of  granite,  two  hundred  and  twenty-one 
feet  high,  moves  (as  observed  by  Horsford),  at  top,  with  the  sun's  rays,  so  as  to 
describe  an  irregular  ellipse  with  the  sun's  motion.  This  movement  commences 
about  7  A.  M.,  of  a  sunny  day,  and  has  its  maximum  in  the  afternoon.  In  a  cloudy 
day,  no  motion  exists,  and  a  shower  restores  the  shaft  to  its  position ;  showing 
that  the  heat  which  produces  tbe  deflection  penetrates  but  a  short  distance. 

Railroad  bars  must  be  laid  with  open  joints,  or  their  expansion  and  contrac- 
tion between  the  extremes  of  natural  temperature  would  destroy  the  road. 
Between  4°  F.,  and  100°  F.,  the  expansion  of  one  mile  of  rails  (5280  feet)  is  6 
feet  7  inches. 

The  two  tubes  of  tbe  Britannia  Bridge  (172),  are  secured  at  the  centre  to  the 
main  pier,  called  the  Britannia  Tower ;  but  the  other  points  of  support  rest  on 
friction  rollers,  admitting  of  free  motion  with  changes  of  temperature.  An 
increase  of  26°  F.,  from  3^  to  58°,  gives  a  total  increase  of  3^  inches  in  the 
whole  length  of  each  tube,  or  one-half  that  amount  at  each  end.  The  daily 
change  of  dimensions  varies  from  half  an  inch  to  three  inches ;  the  maximum 
and  minimum  effects  being  about  3  p.  m.,  and  3  a.  m.,  respectively.  The  same 
changes  noticed  by  Horsford  in  Bunker  Hill  Monument,  are  produced  in  this 
bridge  by  tbe  sun's  rays.  The  heated  portions  of  the  tube  expand,  warping  the 
free  on  da  to  the  cooler  side  about  two  and  a  half  inches,  both  vertically  and 
laterally. 

The  Victoria  Bridge,  at  Montreal,  shows  the  same  phenomena,  but  not  so  re- 
markably, as  the  several  tubes  are  much  shorter  (page  137). 

Fire  regulators. — The  expansion  of  solid  bodies  is  often  used  to 
regulate  the  temperature  of  stoves. 

A  metallic  bar,  usually  of  copper,  is  placed  within,  or  beside  tbe  stove  or 
furnace,  and  as  it  becomes  heated  it  expands,  and  moving  a  lever,  turns  a 
damper,  or  valve,  thus  regulating  or  arresting  tbe  draught,  with  perfect 
fidelity  and  accuracy. 

595.  Unequal  ezpansion  of  solids. — Breguet's  thermometer, 
already  described  (580),  is  a  beautiful  example  of  the  application  of 
unequal  expansion  to  measurement  of  temperatures. 

If  a  compound  bar  of  iron  and  copper,  secured  together  by  riTets, 
fig.  4G1,  is  heated,  the  copper  ex-  461 


panding  more  than  the  iron,  the  ^^^^^^^^^^^ 
bar  is  thereby  curved,  as  seen  in  451  j 

fig.  4616,  to  accommodate  the  ir- 


regularity of  length  resulting.  If 
this  compound  bar  is  cooled  below  the  temperature  at  which  the  two 
metals  were  united,  it  curves  in  the  opposite  direction. 
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CoDpeontiag  penduliuna. — Tho  kngth  of  a  pomluluRi 
^eiermmem  ita  Itmes  of  (Moiltjitioci  A  differ c^ncn  of  ono 

of  an  incli     a  iccoada  pemliilum  Yi  ottld  cauttt^  a  cluck 
JMJ  tijefco  eieoa&da  La  iwootjr^fuur  hours,  and  n  difTarencd  of  GO*^  ft 
tkia  effect 

f«  ordififtfy  clucks,  tbi^  defect  in  the  fength  of  tli<^  pomluliiin  \n 
'eAt  hj  mi»ing  or  deptcasing  thcs  ball  at  the  end  of  tho  rrwl  by 
of  a  Kcarew*  PendulumB  m  vlmh  Ih'te  d(>fect  h  rented k*d  hy  a 
'-•iy«0tiDg  Arrangement,  ate  called  compawUiu^  prndulum*.  The 
n  is  effected  bj  the  unequal  eitpnnalon  cither  of  mereurj 
or  of  different  metals, 
'a  gridiron  compeuBatins  pftndiilum,  flg.  i«  ono 
«f  llboae  most  cofoinonly  employed.  The  larj^o  weight  al  tbo  bottoiQ 
of  thii  iwnduluni  Is  supported  bj  a  scricn  cff  rc»ds  of 
loM  and  sleet  arranged  iu  a] tern ti to  pairn.  The  nikhlle 
rod  isof  tteel,  and,  like  all  the  other  etcel  rods,  is  shaded 
in  our  figure.  The  cross-piecea  connect  the  two  tjatems 
of  Podiif  ahernatelj  at  top  and  buttutn,  iii  micb  a  wnj 
that  while  the  expansion  of  the  Bteel  rudfl  lengthens  iha 
pendultitD  the  expansion  of  the  brass  rtida  GhtirlciiA  it. 
The  length  of  the  pesdulum  is  plumly  the  sum  of  the 
length  of  the  steel  rod«  less  the  autn  uf  the  bnwB  roda  {the 
iupporting  crotchet  bein|^  added  to  the  length  of  tlio 
steel  rods),  eaeb  pair  of  rods  lieing  rcekrmcd  tin  only 
nne  rod.  In  order  that  the  lotigth  of  tho  pendulum 
alujnJd  remain  invariable  wiili  changes  of  tcmperuture, 
It  H  obvious  that  the  expansion  of  the  two  ejstenis  of 
rods  niui»t  exactly  balance  each  other. 

To  detemina  the  length  of  roii«  rvcjuirod  to  eflbct  thUj,  let 
£  and  I  be  tb«  fom  of  the  tcDi^thi  of  tbe  it««l  und  brttt  todm 
f«ip«ctir«lj,  «ad  A"  uid  A*'  Ibcir  n^fipectiTs  coefficknti  at 
upanqjon.    Tben,  if  the  amoDDt  of  expmnitaa  in  Iroth  t^it'Oint  i«  L  A" 

will  cqtial  {  K**    But  einee,  at  Lucidun^       ioQgIb  of  the  aecaeidi  f^cndutaia  id 

If,  ihArvfnre.  we  take  from  Tabli^  IILi  tho  vuluuJi  A'litid  A*^,  kud  «oiDbIiis 
ttieu  Iwu  ec^Qiiibui,  wc  iball  Sud  the  respo^^tivo  lengthi  of  L  and  K 


A*'  — AT 


A^— j: 


X  39  14<»5fi  inchci. 


Silt  Ibe  potlti6a  of  the  centre  ef  o^dllntloQ,  wbbh  dfttermlnefl  tbo  Tjrttial 
loDglh  of  tho  f>eii>]iili!m  (S3),  mil/  vnry^  idtbough  the  lensible  loogtb  rvmaiqt 
aocbaii^BiL.  ilon<'n  Ibe  necvBsitjr  of  mlju^ittig  tbo  pesitiua  snd  mim  ol  Um 
■ttipvnded  wcij^lit  ^iWr  the  leitgtli  of  ibu  ruiti  ia  appruiliDatolj  aeeurateb 

Ijs  dmliaixi'a  com jfwnia ting  pendnltmi,  Og.  403,  tbo  rod,  n,  h,  l§ 
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glass,  and  the  ordinary  weight  is  replaced  hj  a  glass  yessel  eontaining  merenrj 
sustained  in  a  metallic  stirrup.  When  the  temperature  rises,  the  pendolom 
lengthens,  and  the  mercury  also  expanding,  rises  in  the  glass. 

The  compensation  in  this  instrument  is  not  quite  perfect,  since  the  position  of 
the  centre  of  gravity  (which  remains  unchanged  by  the  cnnstme- 
tion)  does  not  entirely  coincide  with  the  centre  of  oscillation,  on 
which  the  virtual  length  of  the  pendulum  depends. 

Mr.  Henri  Roberts*  compensating  pendulam  is 
remarkable  for  its  extreme  simplicity.    The  rod  of  the  pendulum, 
6;;.  464,  is  of  platinum,  and  supports  at  its  lower  end  a  disk  of 
zinc.    The  centre  of  gravity  of  this  disk  will 
always  be  preserved  at  the  same  distance  from 
the  point  of  suspension,  if  the  expansion  of  the 
platinum  rod  is  equal  to  that 
of  the  sine  disk;  this  condition 
is  obtained  when  the  radius  of 
the  disk  is  equal  to  one-third 
of  the  length  of  the  rod. 

Martin's  compensa- 
ting pendulam  is  a  com- 
pound bar  of  iron  and  copper 
soldered  together  throughout 
their  length,  and  fixed  trans- 
Torsoly  upon  the  pendulum 
rod,  fig.  465.  The  copper, 
being  the  most  expansible,  is 
placed  below  the  iron.  When  the  temperature  rises,  and  the  centre  of  oscilla- 
tion is,  by  the  expansion  of  the  pendulum,  removed  to  a  greater  distance  from 
the  point  of  suspension,  the  copper,  expanding  more  than  the  iron,  bends  the 
rod  into  the  curve,  m / ni,  whereby  the  metallic  balls,  m  m,  at  the  extremities  of 
the  rods,  are  raised,  and  being  brought  closer  to  the  point  of  suspension,  compen- 
sate for  the  increased  distance  of  the  weight  of  the  pendulum  from  that  point 
If  the  temperature  is  lowered,  the  rod  bends  into  the  curve,  m'cm',  and  the 
balls  are  lowered.  These  balls  are  of  such  a  size,  and  placed  at  such  a  position 
upon  the  compound  bar,  that  the  centre  of  oscillation  is  not  displaced  by  varia- 
tions in  temperature,  and  thus  perfect  compensation  is  produced. 

Compensating  balance  wheels  of  watches  and  chronometers 

are  constructed  precisely  on  the  plan  of  Martin's  pendulam.   The  balance  wheel 
of  a  watch  varies  with  changes  of  temperature, — the  duration  of  an  oscillation 
depending  on  the  radius  of  the  wheel,  the  strength  of  460 
the  spring,  and  the  mass  of  its  rim.    The  expansion 
of  the  wheel,  by  enlarging  the  radius,  retards  the  time- 
piece, and,  conversely,  cold  accelerates  it.    The  three 
metallic  arc!^,  ana,  fig.  466,  are  designed  to  counteract 
and  correct  the  effect  of  expansion  on  the  wheel.  Each 
•ire  is  composed  of  two  strips  of  metal,  the  most  expan- 
sible being  placed  outside.    Heat,  therefore,  carries  the 
masses,  n  n  >i,  inward  and  nearer  to  the  axle  of  the  wheel, 
while  cold  throws  them  outward,  thus  preserving  the  vir- 
tual length  of  the  radius  under  all  changes  of  temperature.    Any  errors  of  com- 
pensation are  adjusted  by  turning  the  masses,  n  n  n,  on  the  screws  at  the 
of  the  arcs. 


HEAT- 
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XL    fiirANStOK  OP  LIQDEDS. 

507.  OeaemI  itatement. — All  liquids  expand  by  hcnt  tnuro  than 
:  lUius  mercury,  the  least  expaodble  of  a)l  liquids,  e&patidi  more 
s'mcy  the  must  esprmsible  of  uH  nolWs. 
TIm  mtc  of  ^xpanAion  m  liquids  is  not  bo  uDiform  as  it  i^^  in  ^ulltls, 
i&tl  «ispeci:Ulj  near  their  points     sulidiiicatioti  and  vaporisation  they 
Arc  Riibjeci  to  great  irregularities. 
598.  A|>pareat  and  abaolute  ezpanaion. — We  liavc  alrcadj  (576) 
Liced  the  faet  tbnt  it  h  only  the  oppartnit,  nml  mit  the  absjulute,  (fxpnn- 
tiod  of  mercury  winch  is  read  in  tlje  therinomett^r.    It  is  ptiiin  that 
ta  any  ease  the  absolute  expansion  of  a  liquid  itmtit  be  tlic  mm  of  ita 
•{ip&renl  expaD.^ion,  and  of  the  increased  capiieity  of  Uk>  contaiiiing 
T«ssel  (59 L)  at  the  given  temperature.    Eitbor  two  of  those  quantities 
being  kaawn^  the  third  can  be  calculated. 
_Xhe  a1>p>lute  espansion  of  mercury,  being  one  of  the  moat  important 
LDts  in  phj^ics,  aad  one  on  which  many  others  depend,  Ima  hecn 
determined  wiih  the  greatest  accuracy.    This  determination  waa  origi- 
nally made  by  Dulung  and  Petit,  and  haa  been  confirmed  and  coftected 
lore  recently  I.)y  Rc^jnault. 

The  method  giving  most  exact  rosulta  depends  on  the  familiar 
»riociple  of  hydrostatics  (202),  that  the  height*  of  liquid  columna  in 
|commnmcAtitig  ve«eek  &re  in  the  itirenee  ratio  of  the  specific  gravities 
t(  the  liquids.  What  is  here  true  uf  different  liquids  is  of  course  true 
the  i^aaie  liquid  at  different  temperatures.  To  determine  this  point 
[*ccurate)y,  a  glass  tube,  bent  into  a  ftyphon,  ia  filled  with  mercury,  and 
io  arranged  that,  while  the  two  legs  are  respectively  exposed  to  the 
required  temperatures,  the  corresponding  lioighis  may  be  exactly  meti' 
mred  by  a  cathetometer.  The  coefficient  of  eicpansiori  fur  each  tem- 
perature may  then  bn  calculated  from  (59 TS)  by  means  of  the  fpecifio 
gravities  thiia  determined. 

Let  C  iui<l  C  rcfirvseot  tho  two  co'tumtii ;  //  uitl  (Sp.  Or.)  tha  height  and 
^■vpcf^ifio  frftvUy  of  C  »t  ^2°.  dpil  //'  mi4         Gr^y  ihe  height  snd  «[H;t'lfio 

A'  reprovctit  the  eo«|Hc'ieDl  of  al?!i»Iuio  dxpATiiion  tn  mcrear^^  and  hy  ^Ql  ii.u<l 
^Bffl,  wa  hnvu  {Sp.  Gr.)  =  {Sjt.  tfr.)'  (I  -f  Ilonco  iho  raluo  of  A',  obuilucd 


eoenbiniiig  ihcM  equationt,  it, 


The  meui  »bf olulo  «:«pftD«ioa  of  mcreury  was  hj  thin  method  foupd  by  ittilnng 
uid  IVtit  to  U  Utw^eii       and  212'?      for  1*  F.,  A' ==  ^^i,^  =  O  OOdlflOJ. 
Thit  mim}«jr  hai  hiwtt  eurr^eietl  by  tbe  later  rc#«irchcifl  of  Itt'i^iiwult  to 
A'  =Jfr*Wtt«tf4  f»>r  cuch  litfgTvt  of  Fahrenheit'*  -cule;  or.  A*  =  0 
Cfccb  J  eg  rut.'  (  V^nh^rniUi. 

iDcroAJM}  uf  ilic  eueffieitint  of  otpatifioo  for  mercuty,  with  inercflAo  of 
Already  atJiitlvd  to  (&70t.  Ii  nhown  in  the  UAUiwing  tM^f,  ooftiod 
ClicaiitiAl  Phyiic«,  |>.  Tlt«  Jv^ju'cs  itrv  trutili^riida 


422 


PHYSICS  or  IMPONDERABLE  A0ENT8. 


COEFFICIENT  OF  EXPANSION  FOR  XBRCURT. 

True  Temneratnra 
by  Air  Thermo- 
meter. 

30 
50 
70 
100 
150 
200 
250 
300 
350 

The  last  oolumn  of  this  table  shows  the  yolume  to  which  one  cubio  centimetre 
of  mercury  will  expand  when  heated  to  the  temperatures  given  in  the  fink 
column.  Whenever  the  mean  coefficient  between  0^  and  f°  (as  given  in  the 
second  column)  is  known,  the  corresponding  volume  maj  be  calculated  hj  the 
formula  P  =  K(l  +  Kt) ;  and,  by  interpolation,  the  volume  can  be  calculated 
for  temperatures  for  which  the  coefficient  has  not  been  determined. 

599.  Correction  of  the  observed  height  of  the  barometer  for 
temperatare. — As  the  volume  and  density  of  mercury  vary  with  the 
temperature,  the  height  of  the  mercurial  column  in  a  barometer  yaries 
not  only  with  changes  of  the  atmospheric  pressure,  but  also  with  changes 
in  temperature.  Before  comparing  barometric  observations,  therefore, 
made  ut  different  times,  it  is  necessary  to  reduce  the  observed  heights 
of  the  mercurial  column  to  the  height  they  would  have  at  some  standard 
temperature. 

The  principles  onnnciated  in  the  last  section  enable  us  to  obtain  the  follow- 
ing value  fur  the  height  of  the  barometer  reduced  to  32°  F. 
I 

H=  It'  —  //'   ;  ,  /  being  the  degrees  Fahrenheit  above  freezing;  or, 

9U 1  b  -\-  t 

t 

H  =  ir  —  H'  ,  when  t  is  given  in  degrees  of  the  Centigrade  scale. 

5508  -f-  t 

The  true  height  of  the  barometer  is  therefore  to  be  obtained  by  subtracting 
the  correction  from  the  observed  height  when  the  temperature  is  above  the 
freezing  point.  There  is  also  a  small  correction  to  be  made  for  the  expansion 
of  the  scale,  which  fur  present  purposes  may  be  neglected. 

600.  Apparent  expansion  of  mercmy. — The  apparent  expansion 
of  mercury  in  glass  is  readily  determined  by  means  of  the  simple 
apparatus,  seen  in  fig.  467,  consisting  only  of  a  glass  tube,  r,  drawn 
out  into  a  narrow  neck,  which  is  recurved  so  as  to  dip  conveniently  into 
the  cup  c.  The  weight  of  the  empty  tube  is  first  taken,  and  it  is  then 
filled  with  mercury  in  the  manner  described  in  J  568 ;  taking  care  to 
expel,  by  continued  boiling,  the  last  traces  of  air  and  moisture.  The 
tube  and  its  contents  are  then  cooled  to  32^  F.  by  immersion  in  melting 


Mean  CwlBoient  of 
Expftiuion  of  Maroary 
firom  QO  to  to. 

0 

000017976 
0  00018027 
0-00018078 
0-00018153 
0  00018279 
000018405 
0  00018531 
0-00018658 
0-00018784 


Aotoal  Ooanelanfe  of 
ExpansioD  from  (O  to 
(|.+  l>o. 

000017905 
0-00018051 
000018152 
0-00018253 
0  00018305 
0-00018657 
0-00018909 
000019161 
000019413 
000019666 


VolBiaM  of  Eqma 
WoichU. 

1-0000000 
10053928 
10090135 
1.0126546 
1-0181530 
10274186 
1-0368100 
10463275 
10559740 
1  0657440 
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Joe,  tb«  paiat  o  tmog  kept  ooQStftQtlj  beneath  Uie  tsercurj  10  It  10 
thn  ««igbed  vgain^  oskd  ihm  hj  dedaeting  Uie  weight  of  tli«  emjpty 


lalta  leoni  the  weight  (  of  the  mermrj  it  Dootnint 
gt  S2^.  L*6tljf  it  U  exposed  to  n  catiAtnnt  temperatuFS, 
{^f  of  212°  F.,  eee  fig.  and  the  weight  of  the  escnfiing 
mercury  (tr  ^  ftscertaiDed.  The  weight  of  the  ttiercurj  whtuh 
IUb  tbe  tube  ftt  f  ia  therefore  W — v.  From  the»e  data  ibe 
coefficient  ot  apparent  expADfiion  ie  caiculAted. 
Jhu  roltu&Cf  r,  of  s  might  of  mennuji  rcpmeiolcd  bj  If  —  » 


4C7 


Tlfow  khil  weight     mereur^r  At  t"^  AJicd 


the  e^oB*  Yplama  (1.  the  whole  ■ppantui),  Bot  r^gmrding  lbs 
«x|Nui£ioD  «r  lh«  £liu«,  wbleh  wiUi  6Ued  bj  Use  w«tgbi,  II',  32^, 

I*' 

Th«  tfrluBW     th*  wtiigbi  W —  w  ■!  f °  U  tbenrorv  P  =  — . 

lid  llti  «««fliciai]|  «f  AppuxMit  «xpnitl4ii  b«       uid  thcti 
K  r(l  -f  JTi);  then  nit»f ikntinK  the  wmlum  of  Fud  F% 


=  Tar  cotmmoD  Fr«ucb 


A  miKla  of  experimaot  ^ret  of  conria  the  eoeffleimt 

•f  apfiartiit  ejt[>iin»ion  for  *1J  otlier  tLquids.  It  Ig  also  applinble  for  iha  doter- 
ttUUtjotk  of  Ihe  epcfflHeat  of  cxpsnslo'ii  of  all  iolida  cot  acted  oq  bj  invrtbtjt 
•law  it  ii  tme  tbat  tbe  roefficiaDt  of  apparenl  «xp«n«]Qi]  for  tncrrcurj  is  equal 
te  |k»««MfipleQC  of  »bi«Iat«  axpAmioQ  leu  Ibe  «o«flie]ci]t  of  expanii(»n  tif  Ibe 
tUlifitfl  for  ibo  tonumiiif  ir«i««L  At  tho  eo«fficieDl  of  abfolnte  «xpan»iun  fur 
UfCvrj  u  kQowo  wllb  tbs  gratevt  acearaejp  tt  foltowi  that,  bj  an  ap|ili«!'ttt1no 
tilllm  rmMomag  in  itbu  tection^  we  hare  the  meant  of  delormmio^  the  eQ4!(Beient 

GOl,  Amoant  of  expatulon  of  UqtU^,— Liquids  expnod  rerj 
itnequ&llT  far  ct^uml  increments  of  hetit ;  the  law  uf  their  espjinsiuu 
has  not  been  fully  detertnlned.  ijeneraily  the  most  expansible  liquids 
sre  IJmmw  whose  boiling  points  are  the  Jowest.  Those  wlnise  b<>iling 
pernio  are  high  Ijotb  uauallj  a  email  but  sery  rpgular  expansiUlUy, 
espeeinlljr  m%  temperatures  much  iieUw  their  boilmg  points. 

The  rate  of  expansioo  in  all  liquids  incrcasea  with  the  temperature, 
bat  It  rories  with  each  aubatan.ce  according  to  laws  not  well  aitderst<VHl. 

Between  32^  and  21^,  merctirj  expikndd  1  in  55,  water  1  iu 
•ulpburlc  acid  1  in  IT*  alcohol  1  in  Q  +1  ^e.    See  Table  IW 

Tib«  •tatao»ent,  id  lh«  lirat  editiAn  uf  this  work,  thkt  In  mapj  \\i\uUh  of  boaI^. 
gMM  ehMaUal  c^aililuCioa,  tbo  rnlo  «%pvia»'wu  e«arljr  utiifurm  at  vqual 
diitaocM  froni  ihtir  re#p<>ctire  boiling  poiiiUi^  app«ar«,  from  the  obMrfatititie  of 
Pi«rre,  nut  iu  be  auniaiiied. 

The  oxpanaihility  of  lifjuidH  In  ni>t  in  proportion  to  their  d&n*Uj,  bnl 
ta  mofe  ne&rljr  the  inverse  of  thh  th  in  in  uaj  other  knowD  ratio. 
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602.  Expansion  of  liquids  above  their  boiling  points. — ^The 
late  researches  of  G.  Drion*  show  that  the  coefficient  of  expansion  in 
liquids,  above  their  boiling  points,  increases  at  an  accelerated  ratio,  and 
even  surpasses  the  coefficient  of  expansion  in  gases.  As  long  since  as 
1835,  Thilorier,  in  his  memoir  on  liquid  carbonic  acid,  states  that  this 
liquid  expands  between  0°  and  30°  C.  (32°  to  86°  F.),  four  times  as  much 
as  air  expands  for  the  same  range  of  temperature,  being  as  for  the 
liquid  gas  to  for  air.  Twenty  volumes  of  liquid  carbonic  acid, 
between  32°  and  86°  F.,  become  therefore  twenty-nine  volumes. 

Liquid  sulphurous  acid,  and  cyanogen  present  the  same  apparent 
anomaly,  as  well  as  certain  fluids  found  in  the  minute  cavities  of  topai 
and  quartz  crystals. 

The  experiments  of  Drion  were  made  on  chlorid  of  ethyl,  sulphur- 
ous acid,  and  hyponitric  acid. 

Carves  of  expansion  of  liqnids. — The  variation  in  the  expansion 
of  liquids  may  be  graphically  represented  as  in  fig.  468.  The  diagram 
shows  the  lines  representing  the 
expansion  of  six  liquids.  In  each 
case  1000  parts  of  liquid  are  taken 
at  212°  F.  The  horizontal  lines 
(reading  from  above  downwards) 
show  the  bulk  of  the  liquid  at 
temperatures  below  the  boiling 
point.  These  temperatures  are 
represented  in  degrees  of  Fah-  i« 
renlieit's  scale  on  the  left  hand 
column,  and  in  Centigrade  de- 
grees on  the  right  hand.  The  line  A  indicates  the  contraction  of  mer- 
cury ;  B,  that  of  water ;  C,  for  alcohol ;  D,  for  wood  spirits ;  E,  for 
formic  ether;  F,  for  terchlorid  of  silicon  ;  G,  for  ordinary  ether. 

Thus  at  108°  below  the  boiling  point  (at  104°  F.),  1000  parts  water  hare 
contracted  into  966  parts ;  alcohol  into  931  parts ;  and  formic  either  into  018 
parts. 

603.  The  amount  of  force  exerted  in  the  expansion  of  liquids 

is  enormous  ;  being  equal  to  the  mechanical  force  required  to  compress 
the  expanded  liquid  into  its  primitive  volume. 

Thus  the  expansion  of  mercury  for  10**  F.,  is  -0010085.  Its  compressibility 
for  a  single  atmosphere  is  '0000053.  Therefore  the  amount  of  force  required  to 
restore  the  mercury  to  its  original  bulk,  after  heating  it  10"  F.  is  equal  to  190 
atmospheres  (10085  -«-  53  =  190),  or  2850  pounds  pressure  to  a' square  inch. 
Owing  to  this  enormous  force  exerted  during  expansion,  closed  vessels  filled 
with  liquid,  however  strong  they  may  be  mado,'burat  when  heat  is  applied. 


*  Ann.  de  Cb.  et  de  Phys.  1859. 


6IM.  BsfMnston  of  water.— Water»  which  preaetiU  so  roauj  re- 
(n&rkable  exc^cpttona  in        physical  history,  dues  so  in  tid  respect 
mof«  thma  m  the  einguliir  irregulnrilics  obserred  in  ita  expiinsion  fo? 
cqniil  toerements  of  lemperature  between  32°  400 
and  212*,    ICft  Mol  espaosion  for  this  range  is 
i»y  no  Jtie«iis  large,  while  its  coefficient  of  ei- 
pauJioD  i«  found,  bj  an  es  ami  nation  of  Table 
1V„  to  be  smaller  than  that  of  any  liquid 
except  that  of  me^rcurv.    The  expannion  of 
,  which  is  irregular  through  the  wliole 
f^,  from  freeiing  to  boiling,  is  especially  so 
between  32^  and  4(r  F.  While  all  other  liquids 
are  moet  dense  at  their  freezing  pointe,  the 
maximnm  demiiff  of  water  occurs  so  me  degracs 
fthof  e  that  point  (39°  2  F.),  and  above  or  below 
this  temperature  it  expands. 

MazLmilm,  density  of  water. — To  iHu<<rrstte^ 
bj  vip^rin)(>Tit,  ibis  signal  except  Urn  in  irat^^r  to  tho 
ortliin^rjr  lnwi  of  expaaiidn^  a  waler  tb'Urtdo meter,  like 
jig,  0,  inajr  bo  iiicd,  Tbe  fla^k,  holttiti)^  ftboni;  a 
qo«rt,  IS  tlhd  wilh  iratcrp  atid  tUo  tab«  ptiAsiDg  into 
it  ia  siwurcti  waior-tight  bj  a  brass  cap  or  irell-attitig 
eork,  M  Ihftt  &t  ofttlnarj  temp«riLturt!<i  tfao  culutna 
•f  wattT  tt»iiidg  *k  tome  convouieut  p<>i&t  on  (bo 
wcaUt  uf  ninii.1  parts.  It  u  than  s«t  ia  a  cold  room 
|b«]ijiw  Trt*iingK  ftud  tho  lost  of  t«inporatur«  ludi- 
QAlttd  hj  tiiti  fisAl  of  IbD  eoltituu  of  w^ilorj  i«  mort 
acctinktet^  noted  »  mcrrttriat  lb ermo meter  im 
the  figure  placed  within  ibe  (L^k.  When  th*t  lem- 
puraiurr  rc'iw^bos  »bout  42°  F.  (6'='  C.^  tbe  fall  of  the 
wftter  polnmn  neaacs— it  corD«s  to  rest  for  a  short 
time,  ADd  At  or  thercAWnld  (4°  C),  it  in  seoti  t« 
m^inni  mnre  more  rapidly  m  tho  temporal urc 
fiilb^  uolil  it  rcaebce  ,^2°  (or  uvea  lower^  if  the  Bp{i»rfttafl  ii  kept  quite  ttill)^ 

If  tiiQ  tppamtaa  ic  filled  with  water  near  the  temperature  of  roaximutn  dclifityi 
iLEt4  placvil  in  a  winner  roojn^  «re  harn  «rid«Dcoi>f  tbe  conTtiTto,  uud  not  leaa  re* 
»»fk*ble  fact,  that  espanjijon  pquaU;  ocpnr*,  whether  wu  licat  or  cool  Ihe  water. 
TbvM  rr^alts  are  lomewbat  ohiscurcd  bj  the  cxpaniiion  of  the  gltw^s;  hut  fur  a 
few  i]n^Tv«i  »bore  aud  bvluw        the  deiuity  of  water  i»  mearlj  yntfui-m. 

Al  iiiO  tuomcrnt  uT  frvof  tajt,  witcr  expnQda  about  lea  pvr  ««iit.  of  iU  rolurne, 
aacl  ttifi  fact  if  ort^ti  ciridcficcd  in  the  appajratue  bcro  figured^  by  a  jti  iTfau  from 
tbo  t4i!>«  i*t  (hft  nitinicpl  «f  frt'^jitng, 

0«iu|^  tu  I  bit  difll(.<uttjr  of  cuinpcnfaliiij;  the  error*  imralired  in  th»  eipnnjiiwM 
«f  thf  contnlnitig  re^snh,  lbc>  poiJit  i>f  maximum  deti«ity  eaon^^i  be  itcttkJ  with 
abanliitn  ai'f^ttrnrjr.    t1u»al43r  ai^Riiiuvd  U  at  F.  la  bb  diiit«rRiifiatki>n  of  tho 

value  of  tlie  t'uited  8tai<<i  ituudardi  of  mea^iure.  Qiu«Au  dcti'miinrd  tlio 
Ftwncb  ttnit  of  wet^lit  at  Ifl**  F.  {1*5  f".),  and  Dcfprcti^,  in  1*^2^,  fixed  it  «t 
Sg^-a  Of  4"        Tlia  lAtCf  Wftcarebei  i»f  PiUckur  and  lJ«iiii«lei'  reduced  it  to 
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88°*84 ;  bat  it  is  agreed  by  physicists  to  assume  4°  C,  or  30°4  F.,  as  reprecenU 

ing  the  trae  point  of  maximum  density  for  water. 

The  apparatus  shown  in  fig.  470,  series  well  to  illustrate  the  effect  of  this 
law  in  tbo  freezing  of  lakes  and  rivers.  A  glass  jar,  around  470 
the  central  part  of  which  is  fitted  a  metallic  ressel,  e,  is  pro- 
vided above  and  below  with  two  delicate  thermometers,  1 1", 
entering  the  sides  of  the  jar  horixontally  by  openings  drilled 
for  that  purpose.  After  filling  the  jar  with  water,  a  freezing 
mixture  of  ice  and  salt  is  placed  in  c,  which  rapidly  cools  the 
water.  The  two  thermometers  continue  to  indicate  nearly  the 
same  temperature  until  the  water  is  cooled  to  39°'2  F.,  when  it 
will  be  observed  that  the  lower  thermometer  remains  at  that 
point,  while  the  upper  one  indicates  a  lower  temperature,  until 
it  finally  reaches  Z2°  F.,  or  even  lower. 

Tbo  explanation  of  these  phenomena  is,  that  the  water, 
cooled  by  the  freezing  mixture,  becomes  more  dense  and  sinks, 
while  other  and  lighter  portions  rise,  to  be  cooled  and  sink 
in  turn.  Thus  a  system  of  currents  is  established,  by  which 
the  whole  of  the  water  gradually  reaches  the  temperature  of  39°*2.  On  oooliog 
below  this  point,  the  water  expands,  and,  thus  becoming  lighter,  the  colder 
portion  remains  at  the  surface,  and  is  further  cooled  by  the  freezing  mix- 
ture, while  the  water  in  the  lower  part  of  the  vessel,  not  coming  in  contact 
with  the  freezing  mixture,  and  being  no  longer  disturbed  by  currents,  remains 
at  the  temperature  of  39°  2. 

Effects  of  the  aneqnal  expansion  of  water. — Under  the  influ- 
ence of  this  law  of  unequal  expansion  in  water,  the  cold  of  our  most 
severe  winters  produces  only  a  comparatively  thin  covering  of  ice  upon 
the  lakes  and  rivers.  Water  freezes  at  32°,  but,  before  that  tempera* 
ture  can  be  reached,  expansion  sets  in  at  the  surface,  and  the  water, 
although  colder,  is  specifically  lighter  than  the  warmer  water  below, 
and,  consequently,  floats  buoyantly  upon  it.  Ice  is  formed  only  on  the 
surface,  but,  being  a  very  bad  conductor,  it  cuts  off  the  escape  of  heat 
from  the  water  below,  and  this  renders  the  freezing  process  a  very  slow 
one.  In  fact,  a  film  of  ice  may  be  likened  to  a  blanket,  which,  although 
of  itself  cold,  becomes  a  means  of  preserving  heat  by  cutting  off  ra- 
diation. 

Lake  Superior  has,  uniformly,  throughout  the  year,  the  temperature  of  about 
A0°,  at  a  short  distance  beluw  tbo  surface ;  and  the  deep  soa  soundings  show,  that 
the  sea,  at  the  bottom  of  the  ocean,  even  under  the  Gulf  Stream,  is  below  the 
temperature  of  maximum  density,  which,  in  saline  solutions,  is  lower  than  in 
pure  water.  The  temperature  of  the  deep  Alpine  lakes  is  39°'2  F.,  at  all 
.  casons  of  the  year. 

Maximum  density  of  different  aqueous  solutions. — The  solu- 
tion of  various  salts  in  water  has  the  effect  of  lowering  its  point  of 
maximum  density.  Thus,  the  point  of  maximum  density  of  sea-water 
is  2o°.70.  The  point  of  maximum  density  of  solutions  falls  more 
rapidly  than  their  point  of  congelation,  and  is  proportional  to  the 
quantity  of  salt  dissolyed. 
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^  Tbfl  volttin«  of  water,  At  diSereut  temperattiTee,  has  beeti  de- 
^fttemmoil  Ijj  Feveriil  eiporimenters,  fttid  tlio  results,  ftccard'mgto  Kopp, 
^^njgiven  in  Taltlc  XXIV.,  yv'iih  llie  correfijyondiDg  specifics  gravitios, 
ipi^irhen  taken  at  32^,  fur  the  unit  uf  voIihuq  and  densttj,  and  also 
«l4*a  (3^2  F.). 

IIL    CEFANSIOir  Of  OASfeS. 

C05,  G'eneral  Btatement,— >0a^C8  and  Tapor»,  lieing  under  the 
inQuonce  of  repuUiuu,  and  having  little  coheBion,  expand,  fur  equal 
iucrenienta  of  beat,  much  more  than  eitber  solids  or  ordinarj  Iiqitida. 
(C^otDpare  {  002.) 

Thf  iMf>Aii«iDD  of  Attf  httd  lif  aI!  giuea,  maj  ba  shown  by  ptunging  the  open 
end  of  R  butltcd  lubo  into  water,*  a  eligbt  elevation  of  temperature,  tvcn  iho 
of  lb<  tiauiit  will  Fxpjuid  the  Air  in  tb«  balb,  ftod  fauie  a  |>art  of  it  to  iea«!ape 
bubbles  tljin>uji;b  the  wat«r,    Atid  n-bcD  th«  jioarcc  tif  bent     witbdfnwu,  tb« 
wf  ibe  water  id  tbe  tub«  in(ijca,t«ti  the  ain^mnt  of  fi3L[>i»]aLoti  (^04), 

606.  Oay  Ifiuaac'a  lawa  foi  the  ezpanBidn  of  gases  hj  heat. — 
Gay  LtiAsac  vua  liie  first  ta  discover  the  general  luws  uf  the  espnuHiun 
of  gases  bj  bcat>  The  gases  od  wbicli  be  eipenniented  werG  not  fteed 
from  tpouture  i  but  the  laws  wlilcb  be  deduced  are  remarkable  fur  their 
great  simplicity  and  general  accuracy,  consideriiig  Ibe  utatc  of  ex  peri' 
mental  Kjeuce  at  that  time  (a,  d.  1805).   They  are  &i  follows: — 

1st.  Alt  ifas€Jt  hav€  the  *ame  cm^ciftd  of  expansi&n  as  common  ait; 
3d.  Th€  cor0tient  of  expansion  remain*  the  samet  vhaiecer  may  be  the 
prtsntm  to  lekieh  (he  ffa»  is  subjtcted. 

Tb«t«  \mw9.  lik^  Ui«  Hwi  of  M*riiotto  (27-i),  though  enffieiciattj  nectirale  ftir 
vrdisaiy  fmrpotof^  aro  fc^imtl,  bj  iho  more  complete  c3cpcritueDt6  q[  modem 
tuAtmtP,  Ut  b«  nut  airicLl  j  correct. 

607.  ReavUta  of  Hesaatilt'a  experiments  upon  tlie  earpaoaion 
of  gaaea. — ^Very  valuable  experimenta  "^vcre  made  by  Dulong  and 
Petit,  but  the  moat  recent  and  complete  inTestigation  of  the  eipansion 
ef  gases  by  beat^  wi\a  conducted  by  Kegnanll.  In  al!  his  experiments, 
the  different  gases  esperimented  upon  were  completely  deprived  of 
moisture,  and  the  regulta  of  hia  experiments  are  ctintained  in  the  fol- 
lowing  tables 

KXFANSiosr  or  qasmh  bbtwken  32°  and  212°  f.  (jahih). 


U3«70 

0S71O 

03719 

O'Sm 

Under  Coflitabf  Yi»]oD]f>. 


Air,   ,   .   *  .   .  . 

Nitrogva  

IljdrOi^u  .  ,  .  i 
Osy4  of  Carbon  ,  . 
Cubootfl  Arid  «  .  . 
Proton  yd  of  Nitrogen 
Sulpbttroui  Acid  .  . 
CjraMgM    .  .  «  . 


asm 

0-3MO 
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From  this  table  it  appears  that  the  coefficients  of  expansion  of  those 
gasea  which  have  never  been  condensed  to  liquids,  are  very  nearly  the 
same  as  air ;  while  the  coefficients  of  the  condensible  gases,  carbonic 
aoid,  sulphurous  acid,  and  cyanogen,  are  considerably  greater,  and  the 
greater  in  proportion  as  they  are  more  readily  condensed  into  liquids. 
£ach  gas  has  two  coefficients  of  expansion, — the  coefficient  of  expan- 
sion fur  a  constant  volume  being  less  than  for  a  constant  pressure,* 
except  in  the  case  of  hydrogen,  in  which  the  reverse  takes  place.  This 
agrees  in  a  remarkable  manner  with  the  fact  (276)  that  hydrogen  alone 
is  less  compressible  than  the  law  of  Mariotte  would  indicate. 

It  is  further  shown,  by  the  experiments  of  Regnault,  that : — 

1st.  Tlie  coefficients  of  expansion  are  very  nearly,  but  not  absoluttHy^ 
Vie  same  for  different  gasea. 

2d.  The  coefficients  of  expansion,  for  different  gases,  vary  more  from 
each  other  in  proportion  as  tlu  pressure  to  which  tJiey  are  subjected  is 
increased. 

3d.  The  coefficients  of  expansion  for  all  gases,  except  hydrogen,  inerecue 
foith  the  pressure  to  which  they  are  subjected,  and  this  increase  is  most 
rapid  in  those  gases  which  deviate  most  from  Mariotte*  s  law  (276). 

4th.  For  ordinary  calculations,  under  the  pressure  of  the  atmosphere, 
the  coefficient  of  expansion  for  all  gases  may  be  considered  as  0*3666 
between  the  freezing  and  boiling  points  of  water,  or  ^Ij  of  the  volume  at 
32°,  for  each  degree  of  Fahrenheit's  scale. 

For  accurate  scientific  purposes,  the  cocflScient  of  expansion  of  every  gas  con- 
sidered must  be  taken  from  the  tables  given  for  that  parposo. 

Table  V.,  Appendix,  gives  the  coefficients  of  expansion  of  common  gasei 
under  varying  pressures. 

608.  Formulas  for  computing  changes  of  volume  in  gases. — In 

physical  researches  it  is  often  desirable  to  ascertain  the  increase  or 
decrease  in  volume  which  a  given  gas  undergoes  by  measured  differ- 
ences in  temperature.  This  is  easily  done  by  the  following  formulae : — 

Let  V  represent  the  volume  of  the  gas  at  32°  F.,  V  its  volume  at  the  higher 
temperature,  and  ( the  number  of  degrees  between  32°  and  the  higher  tempera- 
ture.  The  increase  in  the  volume  will  therefore  be  expressed  by  V —  V.  And 

V 

since  the  increase  in  volume  for  1°  F.  is  generally  — ,  the  increase  for  the 

491 

V 

higher  temperature  is  —  X 

Therefore,  K'  -  F  =       X  V  =  V  -|- 

If  the  gas  is  subjected  to  a  lower  temperature,  it  suffers  a  diminution  in  to- 
Inme,  expressed  by  V  —  V,  and  if  t  expresses  the  number  of  degrees  below  Z2'* 


*  This  may  be  due  to  the  action  of  cohesion. 
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I*  whith  it  li  r«dtt«»d|  ftnd  —  its  dlmmntbD  for  1^  F.,  then  ihn  dimlaution 
ibr  lh«  loirer  iemp«r«tam  will  1>«      X  fi  w*^  ="  J^i  X 


U  Uii«^  »ol(iiKii>  of  ft  gftp  et  li  kuoirn,  itj  Tolmno      May  othot  tompwft- 

tnf*  mhon  or  below  32**  mAj  be  cdoulmtcd      thu  followiog  :— 

MuUipiy  the  difference,  btimen  tfit  number  of  degrees  of  (emperatur^ 
~  32*,  If  If  ihi  &te0cient  of  expamion  of  the  ^as  {for  ordt  nan/  purposes 
is  cotpicknl  e^iaU  1  divkied  6^491).  Add  ike  qttoticni  to  1,  if  ihf 
temjieraiure  he  above  32°,  and  subtract  it  from  1,  if  it  be  hetom  32*** 
Muliipt^  the  number  thus  found  by  the  eolume  of  the  gas  at  32°,  and  (ks 
product  vUt  be  the  volume  of  the  gas  at  the  observed  temperature* 

609.  Formula;  ezpresBing  general  relatioo  between  irolame, 
t*Bifi«ratme,  and  presaiue.— Tlie  vulumc  which  a  gas  occupici) 
|WCid9  Dot  only  on  the  temperature,  but  also  upon  the  prea&uro  to  which 
tl  ti  subjected  (274) ;  the  preiaare  of  a  gm  beiug  ia  direct  ratio  to 
the  Tolume  into  which  it  ia  compressed. 

ihm  Tolume  f>(  ft  gM  ml  the  e^me  tcimpcr«tur«  19  tar«r«c1y  u  tfao  pr^iaQrOt 
If  y  ui«l  V  be  two  rolumet  aader  tfao  eoine  tempcratsre,  mad  nailer  iho  ptM* 
mr««  F  wkI  P'  ;  tbcn, 

P 

If  r  mnd  f'  expr«M  tbe  ti  amber  ^1  degr»e«  •boTB  or  below  Sl*^^  at  whkh 
ihe  teapefataiv  itLods  (-|-  being  na«d  wfaea  nboTe,  ftnrl  —  wbeo  tMilow)^  if  a 
b«  fttacil{ap««ualj  tubjeoted  to  abaoffi  of  titnpvraturc  and  prciaum,  thfi'  relo. 
tion  bftw^eui  \u  volumo,  pmftire,  nod  tenp«r«tiire^  will  1m  exprc&sed  bj  the 
gttDcnl  farmnla 

r  "   1  ±  A'i'       F       4*1      ('  ^ 

610.  Relation  between  e:atp3nBlblIlt3f  and  cotnpreasibllit?. — 

It  ha*  be^Q  founds  generally,  thnt  die  most  ejepatiBible  liquida  are  the 
most  compressible. 

Sollda  expand  lesA  than  liquids,  and  are  likewise  less  cocoprossiblet 
whild  liquida  hare  a  less  eipan^ibitity  abd  comptes^ibtlitj  than  gasea. 
Among  «o1id9|  the  most  expaosSbW  are  generally  the  most  easily  com- 
pretaed. 

The  expansibilitj  of  a  aubstance  iocreaeea  with  the  Uaiporature^  oa 
doe«  aj«o  m  compressibllitj. 

Oil.  Denaity  of  — The  density  of  gasos  and  Tapor«  ia  eom> 

pared  with  abnoapberio  air  ae  the  standard,  air  btung  called  1,  or  IQOO. 
89 
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The  method  for  the  determmttion  of  the  denuty  of  gases  is,  in  priBp 
cipH  the  same  as  for  the  denuty  of  liqaids.  The  determinaUons  are 
made  in  a  glass  globe,  fig.  205  ({  258),  to  which  an  aocnrately  fitted 
•top-oook  is  attached.  The  gjlobe  is  first  weighed,  when  filled  with 
diy  and  pnre  air,  and  again  after  being  exhausted  of  air  bj  means  of 
the  air-pump ;  the  differenoe  in  the  two  weights  gives  the  weight  of  air 
contained  in  the  flask.  The  globe  is  then  filled  with  the  perfectly  dry 
gas  under  examination,  and  again  weired ;  the  weight  fimnd,  less  the 
weight  of  the  globe,  gives  the  weight  of  the  gas.  The  weight  of  the  gas^ 
divided  by  the  weight  of  the  same  bulk  of  air,  gives  the  specific  gravity, 
or  density  of  the  gas,  as  compared  with  air. 

Example:  A  gliM  globe  held  38*78  grains  of  atmoiplierio  air,  aad  48*81 
grslns  of  earbonie  aeid.   The  speeifle  gravity  of  the  latter  is  therefore  48-98 
88*78  —  1-529,  or,  88  78  :  43-98      1000  :  1-629. 

A  nnmber  of  Mrreotioni  most  be  made,  in  order  to  obtain  the  tnie  denillj 
of  the  gas  under  examination.  Thu,  the  barometrie  height,  and  the  tempera- 
tore  of  the  air  at  the  time  of  weighing,  moet  be  redoced  to  the  standard  baro- 
metric height,  SO  inches,  and  the  standard  temperatare,  62*^  F.  Corrections 
must  also  be  made  for  the  film  of  hygroscopic  moisture,  always  adhering  to  the 
globe,  and  for  the  buoyancy  of  the  globe  in  the  air. 

Regnault  has  reduced  the  number  of  corrections  ordinarily  necMsary,  by 
oonnterpoising  the  globe  in  which  the  gas  is  weighed  by  a  second  globe  of  oquid 
sise  made  of  the  same  glass.  Thus,  the  corrections  for  the  film  of  hygroscopic 
moisture,  and  the  buoyancy  of  the  globe  in  the  air,  may  be  dispensed  with,  as 
they  are  equal  in  both  cases. 

The  most  important  implications  of  a  knowledge  of  the  density  of  gases  hare 
been  made  in  chemistry.  As  in  demonstrating  and  elucidating  the  discovery 
of  Oay  Lussao,  that  the  volume  of  a  compound  gas  is  either  equal  to,  or  bears 
a  very  simple  relation  to  the  yolnmes  of  its  constituent  gases.  Also,  in  calcu- 
lating the  atomic  weight  of  numerous  elementary  substances. 

Table  XI.  c,  Appendix,  gives  the  density  of  the  most  important  gases,  as 
obtained  by  distinguished  authorities. 

2  4.  Communication  of  Heat. 

I.  CONDUCTION. 

612.  Modes  in  which  heat  is  communicated. — Heat  is  commu- 
nicated in  three  ways :  1st.  By  conduction  (chiefly  in  solids).  2d.  By 
convection,  or  circulation,  in  liquids  or  gases.   3d.  By  radiation. 

613.  Conduction  of  heat. — Ileat  travels  in  solids  slowly,  from 
particle  to  particle.  It  implies  contact  with,  or  close  approach  to,  a 
hotter  body.  The  end  of  a  bar  of  iron  thrust  into  the  fire,  becomes 
red-hot,  while  the  other  end  can  yet  be  handled.  Things  vary  very 
much  in  their  power  to  conduct  heat,  every  substance  having  its  own 
rate  of  conductibility. 

A  metollic  vessel,  filled  with  hot  water,  is  at  once  as  hot  as  its  eontents,  while 
an  earthen  ressel  becomes  heated  slowly.  The  metal  is  a  good,  and  the  earthen- 
ware is  a  bad,  conductor.  A  plpe-jiteifi,  or  glasp  ti|be^  held  ia  a  splri|  (assp^ 
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titrtBd  nd*b<>l  irithln  *,  abort  diataneo  c^f  tbo  fin^rs,  wh.6T&  a  wire  of 
gQv«r  or  oofrper  fronld  be«otii«  mi  ooco  itya  hoi  La  bold. 

Tbo  jtro^rcu  of  eoDdncted  beat  in  b  ti»1id  U  omIIj  tKown  bj  A  metAlH«  tadf 
l»  « bt«b  *r«  f tuck  bjr  wiu  i«Tcral  marblcdi,  Hi  eqiiifcl  diflt&uccs  |  one  cud  ii  beld 
ill  ft  UttttK  vbea  tbe  taarbles  drop  <>ir,  ano  bj  odd,  as  tbe  beat  mclu  ibe  ira£| 
tfifl  one  nenreit  tbe  lamp  fiilltng  first,  ftud  «o  on.  If  Ibe  rod  if  of  copper,  tba^ 
Ml  0^  rtry  «ooii ;  but  if  »  rml  of  leodj  or  pUtiauio,  ii  tuodj  the  heiit  ii  eos- 
c(od  tnucli  more  sluwlj. 
Es«Ud»  cofldact  hciil  b«ttor  than  liquids,  and  liquids  bettor  than  j^ucji,  whioli 
»iw  tbo  poorcjt  conductori  of  ftlU  Tbe  metdat  as  a  cIaks,  urt)  good  coadueton, 
and  thdlr  oxjdi|  «j  a  claai j  aro  bad  onoSi  Tbo  mora  nialiLT«  tlivn,  la  preaent 
k  4  ijifeo  body  (i,  e.  llw  higb^r  it*  doneitj),  tbo  greatcrj  lui  a  gcuernl  rule,  U 
iU  roDducilng^  power,  and  viee  vn-ii. 

Gi4.  Detsnninatlon  of  the  condncUbility  of  solidB -^Tbv  appjt' 
lusi*f  IngetihauBE,  fig.  4T1,  maj  be  emplojed  todet43rtume  the  unequal 
tsmdiictibilttj  of  solids. 

Tbii  it  a  finall  eoppor  box,  one  #ido  of  which  is  pierced  wUb  biil««j  iti  wbleb 
§t%  ltt«d|,  bj  ni«anB  of  oorka,  small  cj^UndcrA  of  dilTarcDt  suhstiuicc^,  of  tbo 
Mvmo  st»f  (Dvcred  with  wax.    When  tbe  Toawl  ia  471 
ttJI«d  with  boidiii^  wftier  or  hot  caod,  tbo  wax  will 
bv  mtltcNl  from  tbo  rods  m  tbo  order  of  tholr  con- 
dnctibUtljt  vt*.,  copper,  iron,  lead,  porcelain, 
giaaa,  wo^d.    Or  emM  hits  of  pboi^pborav  majr 
W  plA^^ed  at  equal  difllitnces  upun  the  roda,  aod 
tbteto  will  be  fired  tn  correipoDiIiDg  «uccefisioa. 

Til  tie  term  me  tlie  rdatim  conduictibilitj  of 
wtid!«,  the  apparatus  of  Dcsprett  maj 
employed,  fig.  472, 

It  k  a  Hsrief  of  prinmatle  bar^,  q  h,  bofttod  at  ono  end,  hj  oa  argand  lamp, 
Bacb  bar  baa  a  Eicriof  of  amall  cavitioj^  formed  in  jt^  at  dUtMMfl 
^1  ^m*  =       in,)  tbrougboul  it^  lougtli,  and  Gllcd  with  merenrjt    to  ««eb 


Ibm  ban  mowisivelj  over  a  ftt«adj  lamp  fiamo,  tbeir  rdatiro  conduotibillty 
viil  b«  Iddi^led  by  Ibo  timet  teqnirsd  for  tbem  «a«U  to  utiala  tbo  aamo  iom- 
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615.  Oonduotibllitj  of  metalfl,  &c«— Oold  is  a  better  ooQtIa 
of  hyat  than  any  otlior  metal,  or  other  swlid.  Its  qonductitiltty  is  repr«- 
BCD  ted  b  j  1(K)0.    The  order  of  the  conJuctibllity  of  other  motals  tl  ^ 
(a«cordiug  to  Deapretz)  platmum,  copper,  silrer,  iron,  smo,  tin,  leadj^^ 
The  oonduotibUity  ©f  the  last-named  metnl  is  only  17^  6. 

Tbo  pfcdBo  rnto of  tbo  fonductif^ility  of  thes«  metul*,  fcccdrding  to  tli0br«Dl 
tboritie^  tniiy  b«  Been  in  tha  AitpcndiX;,  Table  VIL  A.,  And  in  TiiMe  VIL  B  ,  slio' 
ing  tb«  CDDdneting  poorer  of  difforent  mAtc^rmla  uaed  in  tU«  cunstruetiou  of  boa: 
IM  observed  bj  Mr.  HotchiDsoa.    The  jiubftan{?t»a  are  arranged  in  [he  order 
iwbicfa.  thej  moat,  ruabt  the  of  hetit,  tho^o  iubstauc^j  vbicb  »re 

ViLlqmble  in  cctnfttraciion  in  this  respect  (vis.,  the  ^a.raie«t)  being  plii«od  iSrcti. 
The  «uba  twees  marked  H.  P.  are  tho  bui!diDg-«tcmcd  eEapl<|iyed  the  coniCriie- 
tion  of  the  now  bousas  af  parlmmtiut 

G16.  Condactibility  of  cryatals.— The  conductibility  of  homoj^e- 
neous  Bolids,  and  of  crjBtala  belonging  to  the  monomctric  aystcstu, 
the  Batno  in  every  direction.    But  in  cryett&U  of  other  systems,  ^^^'V 
coaductlbillty  varies  ia  dtfiorcnt  directioiiB,  according  to  the  reljitloii 
of  the  directioQ  to  that  of  the  optic  asia  of  the  crystal. 

Sonarmutilif  in  his  cipcnmcn£«,  took  thin  plates  of  cryitiils,  foroo  cut  parvllol 
to  the  optie  nxls,  and  otlu^ra  nt  right  angk-a  In  it.  Iti  iho  ctjttw  of  «ae-h  jilnti;  • 
imiLll  hole  was  drilled  for  the  reeopition  of  a  fUvor  wife, 
which  WQJ!  hinted  by  a  lamp;  tbo  liarFikci!^  or  th«  cryetali 
wero  eov^Arcil  by  a  thin  coating  of  colored  wax,  Thfl  con- 
duction of  the  heut  WM  observed  by  tho  melting  of  tho  was, 
the  melted  portion  sasnmiugi  wilh  crydtala  of  tho  mitnooiBtrio 
lyatem,  tho  furm  &t  a  circle^  1,  fig.  4T3,  and  in  tho  other 
lyatema,  vllipEeB  of  diforent  forou,  3,  &g.  473. 

617.  CoiidnctibiUty  of  wood. — The  dependence 
of  the  coaductJon  of  beat  upon  nioleciilar  Arrange- 
ment is  shown  OH  well  in  organic  gtructurca  as  in 
crystalline  media.  This  subject  was  in  vest!  gated  most 
carefully  by  Dr.  Tyndall,  who  examined  the  conduct- 
ing power  of  various  organic  Bubstanccs,  especially 
wood. 


4  73 


and  ^^/^ 


He  found  that  at  all  points  not  eituateil  ia  tho  centre 
of  the  tree,  wood  pua^ciaaea  thrcu  onequal  axos  of  eatoriOa 
fionduotion,    Xho  Grst  and  priocipal  axJf,  10  parallel  to  tb« 
fibres  of  the  wood ;  tho  ■edoiid,  and  intermediate  aii*j 
porpeodknlnr  to  the  libr^a  (tod  tt*  ibe  Hgneotia  laTtTti, 
tho  tljird,  and  least  axijip,  ia  perpendicular  to  tho  Qhroc.  and 
parallot  to  tbe  Uyora.    It  may  bo  stated,  m  a  geotirAl  laTr«  lhat|  rhr  aj-rr  n/ 
tat'irijiG  condHrtion  ia  wooii  iVfiHruU  teith  ikt  its^M  ^/  rluMtirittf,  roA« 
pffmrahiliiy  to  liqutdtf  the  ffrrnU*r  tHfh  th*  fjrttHe*ti^  and  tkt  hmt  tctth  the 
Tho  bGat-eonduciiug  powur  of  wood  buara  no  deQuito  rclAiio'n  to  Us  dcnflit] 
Ainorkan  bircb,  one  of  tl;e  Uglito«b  of  woods,  oondaiUs  bent  better  than  aoj 
«lh«r.   Oak  wood,  which  U  very  tlm$%  eondaou  oearly  m  well,  bat  Iron  woo4» 
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vUcb  baa  tb«  gnti  d«a«ltj  of  l^f,  Is  rwj  low  in  Um  iff&Ia  of  Madnctlon. 
Cttven  wvodj  conduct  b««£  btUcr  Ihui  drjr, 

GIS,  VibratioiiB  prodaced  toy  coQCtuctloii  of  heat.— When  m 
hot  t>mr  uf  tneul,  haTiog  n  narrow  base,  is  etip ported  on  k»ife  edget 
of  metal  or  crystal,  or  upon  metallic  points,  a  Tibrator^  motioD  of 
bar  b  produced,  and  continued  until  the  tem{>efaturc  of  Uie  bar  and 
lha  Mppordog  bodj  become  nearlj  the  same,  Tim  rihmtion  produoea 
A  iBoat^  tone  T&rjiDg  with  ihe  nature  of  the  melal  and  the  furm  i>f 
the  bar. 

It  snifl  formflrtr  «irpp<ki«4  ihat  thfe*e  Tibtations  indicated  thftt  h«at  was  prdi. 
dilMd  Bi«IeefilBr  vibntiaas.  But  it  bocn  ibown  Tyndalt  ( PbiL  Tn&t. 
lSi4)  Utsl  tk«M  ribntioai  ans  euH<l  bj  th«  wmnt  of  ^t-acbrootsm  in  tbc  taddea 
«xp«llftioii  or  Ibe  poinij  ot  fupport,  aj  b««t  i«  «ammu& tc«tod  from  tbo  motellic  bkf. 

0r  Pn^  produced  simil&r  Tibratiaaa  hy  empt»>'ibg  ft  rocker  baTto^  a  tjlia' 
itial  tttifi^e  iDpportcd  «a  tw «  namtw  ban,  UKOf  Tolude  <!eoUicitj  «•  «  tvdrofl 
orb«»i.    Am.  Jmr,  SeL  [2]  £]L^  p.  165. 

CI9.  Conduqtibility  of  Uquida.— CDuiit  Rumrord  cut)elu>lcd,  from 
UU  eiperimenLs,  that  liquids  were  dbsolutclj  in>ii-conductor8  of  lieat, 
hut  Iftxer  experiinentera  bare  deteruitnetl,  that  471 
I!i|aid9  do  condact  beat,  but  only  to  a.  Tcrj 
Itout^  degree.  That  the  conductibiiltr  of  lif^^uids 
fur  heat  la  Terj  Blight,  is  fthovn  bj  Bnmford'e 
apporatuB^  fig,  474. 

Tb«  g1l«««  fanael  la  ne&rtj  filled  vritb  nr&tcr.  A  tbi>r- 
BODctcr  tnbe,  with  Urge  bulb,  is  iO  arrstigird,  Lbnt  ibo 
ii  Jmt  beloir  tbo  sarfaco  of  tbfl  water.  Tbi»  f  tcpi 
tbfKMtgb  a  tight  cork;,  and  cantaian  a  few  dropa 
af  Ottlond  ]k|iiid  at  A,  which  will  move  wUb  any 
Ui  balk  of  ibe  air  eutiuiti^  in  tbe  bulb.  A  lttLl« 
pound  upQQ  Iba  ntrface  of  tbe  water  aod  igniledr 
dMi  aoi  e«Di«  an  J  moTenumt  in  tbe  column  of  fluid  {aa 
ttij  W  fAttiid  bjF  pasting  a  tiDti  of  pa|>cr  on  the  item  at 
»De  tt(  tho  drop*  ttf  liquid),  which  wuuld  be  ihe  erne  if 
anjr  aeneible  wanatb  waa  cotamutiicatcd.  Tbo  wojtutb 
of  a  Sflgvrt  toBirhuif  tb«  botb,  will  at  oace  cauie  tbe 
Knid  io  j|i<iT«  bj  cxpandlni^  tbe  air  wilbio.  Am  the 
walls  <ot  tba  glM4  rv«4el  gradually  become  hot  \'\  •  ).ti 
dseti»a,  lb«  water  will  bIqwI;  ri^  la  t^upvrAturu.  l>.v 
htatiac  a  twcI  on  tho  top,  tbererorv,  w«  tbould  tKiirer 
•Ofosad  in  ereatijig  aajthing  mora  than  a  lapcj-SctiiJ  clovaticta  of  t^mpcratuni 
■t  a  fmatl  depth  (he  water  would  remain  eold.  Tbci'  beating  of  liquldt  Li  iCected 
hy  HMaiit  at  ouriT'ata,  aa  will  be  preaenllj  explained  <^2T). 

620,  Cotiduolibility  of  gaaea. — 47fiscs  are  more  imp(jrft»et  HQtir 
dnotor?  of  hettt  tburi  liqiiida.  It  is  difficult  to  niake  accurate  eiperl- 
aenU  u|Km  this  eubject,  frum  tho  readineMs  willi  which  currents  ttre 
finwtd,  and  vrhich  thna  diffuse  the  beat,  but  wc  know  thiit  gascn,  when 
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confined,  arts  aim  oat  nan-contlucbor^  of  h^at,  Thaa,  substances  which 
impriaoa  large  volumoa  of  air  witbm  tUoir  pores,  m  dowo,  wool, 
feutlierH,  &c„  nre  very  poor  conductors  of  lieat. 

Air,  Ijadeti  with  moi&ture,  is  trndstod  tbereUy  a  much  better  con* 
ductor  of  heat  than  dry  air,  in  the  proportion  of  230  to  80 ;  beoce, 
dump  air  fcela  colder  to  tbe  body  than  dry  air  of  the  saine  temperature, 
becauao  it  ctitiducts  away  the  heat  from  the  body  more  rapidly* 

The  sense  of  oppression  experienced  beftjj-e  a  thunder  storm  h  due  to 
tbe  counbincd  effect  of  tlie  heat  and  moisture  of  the  at[iio.s|»tiere, 

G21.  Relative  conductibllity  of  solids,  liqttida,  and  gases. — 
If  we  touch  a  rod  of  metal  heated  to  120"*  F.,  we  shall  bo  Uuroed; 
water  at  1.50^  will  not  scald,  if  tho  hand  is  kept  still,  aud  the  heat  it 
gradually  raiseJ  ;  while  dry  air  at  300°  has  been  endured  without  injury. 

The  oveo-gkU  of  QattaAaj,  ctud  in  gHTineDta  oT  wooIad  cLtid  thick  aocks  t^ 
protect  thflir  feot^  enier  oven*  wilbout  mocmrcDlcnee,  trberts  all  kmd«  of  etiU- 
onty  uperatioDE  arc  going  on,  At  it  t^tnpurature  Abavo  S00°,  mlthaagU  4b«  tdudi 
of  aJij  tnctiillit;  Article  w UUo  tbcrc  wnulil  scvcrelj  burn  ihcm. 

622.  Bxamplea  and  LUnstratioaa  of  the  diflereot  co&dactibl- 
lity  of  soUda,  are  very  evident  to  coaimon  obscrratlon. 

The  cruet  of  thv  globe  composed  of  poor  condiuctiDg  malcrml^,  nni  doU 
wttbstandiog  tbe  intcniiiLj  of  the  central  fires  wilhin,  tbn  »tiiutitit  of  hmt  nbieh 
eacspc)  is  so  iacoDsidcralilo,  that  it  bug  now  no  scnaibk  InfliucDcc  citi  the  tempo- 
riituro  of  tbe  surfacti.  ll  biLa  Ixsen  catdulated,  that  tbe  qunTititj  of  eeotral  EiMt 
trbicb  reaches  tha  sarfaca  it}  a  year  wonld  not  flnffim  to  luuli  an  vtirelope  '^f  id« 
ffUiTOXinding  th«  earth  one-quarter  of  an  incb  m  tblckncff. 

Wbtcr-pipos  laid  at  a  (lt0UiDfl&  «jf  u  ferr  toGt  utiiltrr  groaad,  tiro  po|  frotm 
bjr  tbe  wiuter'a  cold,  b<aciM]<ie  Ibo  iioil  is  a  ^ompnrAti  vi7t7  poor  ctimltictor. 

Firc-prt^of  imfei  are  boxes  of  iron,  consLrueted  iritb  double  or  trvblo  w«l]i, 
tho  intcrrcTiltig  ipncet  of  whicli  mra  Gtle^d  witb  gypaum  (plosipr  ef  pitrift),  burnt 
alum,  or  mma  otbor  uod'CDnductiDg  uiaLcriAL  Tlic^'Cs  liningjs  prttvcnt  the  tfxtener 
heat,  in  caAoof  fire,  from  pjisalug  to  tbo  booka  aad  paptsrs  wit  bin.  Fum^ciJi  lire 
lined  with  ftrc-bnek»,  1}<3?atide,  being  of  poor  candacting  and  iufusiblo:  iDiit«ris1!« 
tbey  prevent  tbe  w^^te  of  hoHt.  Irorj  and  wooden  h&ndle«  ar«  Alt«cb«d  Lo 
oaokitig  vcfljiole,  and  lo  tea  and  eofTce  pots,  bceauBo^  being  poor  condactori,  thej 
preveat  tbe  beat  from  pasaing  to  the  hand  so  wipidlj  aa  lo  bum  it»  Hot  difbei 
are  placed  apou  malt  that  the  t^iMo  m»jr  bot  be  injured.  Water  is  foooor  boftlwi 
in  a  mfitallic  vessel  tb&n  ip  one  nf  glnsa  or  porcelain,  bwcaaati  tbe  flrtl  oooduotf 
tho  beat  m^^re  rupldly  from  the  Qre  than  the  others. 

Buildings  coujtruetcd  pf  wood  a.uii  brit^k  are  eoolpr  in  aumDicir  and  wnrni^r  (9 
winter  than  IhoHfi  of  iron,  hofaiiaa  th«j  arc  p^nrvr  cniiduetor^i  of  hcaL 

Tbv  hoar  lb- stone  fc&U  colder  than  tbe  wooJon  floor,  and  thii  than  the  oarpel, 
owin^  to  tiiu  dilTcrDncti  ia  thuir  ctmilaetitig:  power?,  nltbongh  n\\  nrv  »t  th<!i  eitn« 
tetiiptTfllaru^ 

Ezamplea  drawn  from  tbe  anioial  and  vegetable  king- 
doma.— The  co%'ering  of  animals  not  only  varies  with  the  ctlmata 
wbieb  tbe  several  epeele»  inbnbtt,  biit  also  with  the  seo^ii.  Thm 
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WTeriDg  10  Qofc  In  Itself  ft  fiource  of  wftrmih,  btit  preTenta  the  eacape 
of  the  vital  beat  from  within, 

AEtimAli  ID  w*xm  cllmfttcs  are  goaenll;  naked,  «r  ara  earer«4  witli  eoftrse 
»ad  tfa-'iQ  furif  which  in  cold  eoiutriet  m  finOj^  cIom,  &nd  thick,  and  aro  almost 
IMrfeet  aon'Conduolori  of  heat.  The  plamogs  of  1>)rdi  b  likewiio  formed  of 
tiil)«tui««4  whbb  are  poor  conductors  of  he^t,  cduuinif>g  uUo  a  larg«  qtmatUy 
of  air  In  Iheir  intenticet.  Boitdct  tbia  proitccibii,  the  birds  of  cold  irgioci^  htq 
pra'Ttdod  with  a  more  dalicate  itructuro  beneath  the  f&athers^  called  dovn,  wbich 
lotercefiie  the  heat  still  more  perfacitj.  The  fosaLl  elcpbant  uf  iho  White  Rirerj^ 
ia  Siberia,  wits  «*veretl  with  thf*e  mm  of  hair,  of  diferent  length  a,  Ibo  shortest 
being  a  fiuc^  close  woot,  next  Ibis  bodj*,  A  i^rotectiou  Against  the  arctic  cold,  tha 
M«ti«  Dari^Uar  uid  the  Esquimaax  endare  the  cold  of  ^40%  or  ^^0°,  F.  with 
IIm  ftid  of  far  bags  and  clothcst  Animals  with  warm  blood,  which  lire  In  the 
watcr^  the  whiiie  tkoA  ei^al,  are  aurruundud  with  a  thick  cuveriog  of  all  »nd 
fat,  which  acts  iu  a  manner  simiiar  to  the  fura  and  featbtira  of  Inxid  animals. 

The  bark  of  trcei  ii  much  more  porous  than  tbc  woo^,  aad,  troitig  nrraoi^od  in 
|k%t<u  and  fibres  around  the  body  of  the  trcc^  proTenta  such  a  losl  of  heat  aa 
would  be  iyjuriona  to  ita  life, 

621.  Tbe  coadttctiog  power  of  iiiibstaticei  in  a  pulverised  or 
SbrQus  atate,  ia  less  than  that  of  the  t^atno  thing  in  a.  compact  mus^, 
partly  becauge  the  continutlj  of  ttio  fubstatices  ia  dimiDishod,  aod  alao 
because  uf  the  air  imprlaoDcd  among  the  particles. 

SaW'duJt  in  a  looso  etatc,  la  a  very  poor  contlucior  of  heat,  much  poorer 
than  the  wood  of  which  it  wu  formed.  Xco-bDU!^e«  are  built  with  dDttbtc  wolln, 
between  which  dry  fltraw,  sharingH,  or  saw-du^t  arc  pUecd,  keeping  the  interior 
0ool  bj-  ct^ladin^  the  heat.  Ice  wrapped  in  flannel  ia  f^resenrod  by  exclnding 
the  warm  air.  Kc  frige  rat  ora  are  gnncrullj  doubto-wallcd  boxes,  the  space 
between  the  walli  boiag  filled  with  powdoro d  charcoaU  or  some  other  poruuJ 
nott-eonductio^  sabat&nee.  [&m  VeniiltttCtm^}  Similarly  coBitmetod  ¥esjeli 
fern  the  ordinary  watcr-coolorji. 

Snow  la  made  up  of  crystalline  partielefp  enclosing  a  large  qnaotUy  of  i^ir 
among  their  iBteraiices^  which,  beiDg  a  very  good  non-couductor,  pruvenU  the 
«iC«p«  of  the  heat  from  tbo  oartb  &nd  linitta  the  penetration  of  froft,  which 
•Iwtyi  reaches  a  much  greater  depth  in  winters  witbDut  mow,  than  when  snow 
aboittida.  On  the  fianks  of  M{>ant  iBtna^  tho  winter  snawt  often  fov^h  near  to 
tli#  bofdof  of  the  fertile  rcgioni,  and  it  is  the  practice  of  the  mountaincere  to 
MTtr  tboae  pvtt  ef  the  enow  which  they  wifh  to  preserro  for  lummcr  n»e,  with 
two  or  ihr«e  ifeet  thieknesf  of  rolcanic  »nd  and  powdered  pumice,  ercrywhcfe 
aboTinding.  The  rnow,  thai  prot«etcdp  remains  all  iummer  anflor  an  almost 
Iwpkal  sun,  and  is  dtjlribuled  frum  these  natural  ice-houses  over  the  wLt^Ie 
Ippni  of  Bteily.  Xb«r*  esist*  crcn  to  this  dny  »  henry  b«d  of  iee  Dcar  tlio 
•MwiU  of  Min^  coirere«]  flr^t  by  no  eruption  of  luiUes  and  saod  wreral  yardi 
tblek,  and  mhfeitneally  hy  a  flow  of  muttco,  lara,  many  eentnriai  since.  Tbi< 
store  of  ico  hat  been  opened  and  aacd  when  the  supply  h«low  on  the  mountain 
pall  ihort.  BtrzLW-'iiiatting,  and  other  fibrous  toatcriaU,  being  poor  conduetora^ 
1^  a»od  t*f  eniri^iop  t^jnder  plantj  and  trees  to  protect  Ihnui  frotn  4eir«rc  tirdd. 

625,  CIotMnK, — The  object  of  clothiDg,  in  cold  eltmatee,  Hke  ibo 
fun  and  fealhere  of  animal  a,  is  to  prereot  the  o«c;tpe  of  beat  ffom  the 
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body.  Fibrous  materials,  as  wool  and  furs,  are  best  adapted  for  cloth- 
ing, because  they  are  themselves  very  poor  conductors  of  heat,  and 
likewise  contain  air  in  their  interstices. 

The  order  of  the  condactibility  of  the  different  sabstanees  used  for  clothing^ 
is  as  follows : — linen,  cotton,  silk,  wool,  furs.  Hence  a  woolen  garment  is 
warmer  than  one  of  cotton,  or  silk,  or  linen.  The  linen  sheets  of  a  bed  feel  colder 
than  the  woolen  blankets,  because  thej  are  bettor  conductors  of  heat.  Fine  cloths 
are  warmer  than  coarse  ones,  because  thej  are  poorer  conductors  of  heal  In 
summer,  coarse  linen  goods  are  used,  because  they  allow  the  escape  of  heat  from 
the  body  more  readily  than  other  materials,  while  a  dross  of  fine,  close  woolen 
goods,  is  a  better  protection  from  the  cold  of  winter  than  anything  else, 
excepting  furs.  A  thick  dress  of  non-conducting  material  is  sometimes  used 
to  exclude  heat,  as  when  workmen  enter  a  hot  furnace  in  certain  mannfactoring 
processes. 

II.  CONVECTION. 

626.  Convection. — Although  liquids  and  gases  are  very  poor  con- 
ductors of  heat,  yet  they  admit  of  being  rapidly  heated  by  a  process 
of  circulation  called  convection,  and  which  depends  upon  the  free 
mobility  of  their  particles.  The  particles  of  liquids  and  gases  in 
immediate  contact  with  the  source  of  heat,  becoming  warm,  and  also 
specifically  lighter,  rise,  and,  moving  away,  make  room  for  others  ;  this 
is  continued  until  all  the  particles  attain  the  same  temperature.  Cur- 
rents are  thus  produced  both  in  water  and  air. 

627.  Convection  in  liqoida. — The  circulation  just  mentioned  may 
be  rendered  visible  by  heating  in  a  flask,  water  containing  a  little  bran 

475         or  amber  (or  other  substance  of  about  the  same  density 
as  water),  over  a  spirit  lamp,  as  shown  in  fig.  475. 

The  particles  of  liquid  at  the  bottom  of  the  vessel, 
where  the  heat  is  applied,  becoming  heated,  rise,  and 
other  particles  of  colder  liquid  come  in  below,  and 
supply  their  place.  Thus  two  systems  of  currents  are 
formed.  In  the  centre  of  the  jar,  currents  of  the  hot 
particles  ascend,  and  descending  currents  of  colder 
particles,  flow  down  the  sides ;  this  circulation  con- 
tinues until  the  whole  mass  has  attained  the  same 
temperature. 

Anything  that  checks  this  free  circulation,  and  occasions  yiscidity,  impedes 
the  heating  of  the  liquid,  and  likewise  prevents  its  rapid  cooling. 

Starch  and  pum,  during  boiling,  require  to  bo  constantly  stirred,  for  the  pur- 
pose of  presenting  fresh  surfaces  to  the  action  of  the  heat,  and  preventing  por- 
tions from  adhering  to  the  hot  bottom,  and  thus  being  charred. 

628.  Currents  in  the  ocean. — In  consequence  of  the  unequal  heat 
to  which  the  waters  of  the  ocean  in  different  parts  are  subjected,  car- 
rents  of  great  constancy  and  regularity  are  formed.  Under  the  tropics, 
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tiie  iratcrft  become  highlj  boated  and  flow  of  on  either  «I  Je  tovrarde  tho 
|Mlea,  while  other  colder  carteota  flow  fnom  the  polea  U>wanla  the  oqaa- 
Ust.  Tjiese  curreota  ftra  Zhodified  Id  their  direcddb  the  Torm  and 
dUlnbutioa  of  laud  and  water  oq  the  surface  of  Xh^  earthy  nnd  the 
totMion  of  the  e&rdi  upon  ita  a^is. 

Ot»«  of  Uirsc  cnrronCa  (ca.1Icd  for  thxt  reuoa  thD  Gulf  SLrcftm)  ii  directed 
imto  th«  Gidfof  Mexira,  around  Hiq  wiestcra  ctid  of  Cabn,  iiit4  swc<^|>ing  ibroagh 
%  fMHi  by  Um  eh»nael  betwa«a  Florida  luad  Ibe  BbIiuu*  lAlaadB.  It. 

bu  ft  tonperftton  8°  ur  lO*^  P.  higher  than  that  of  tfae  eurroiiDdiDg  ocean. 
Ttus  4rarr«nt  pasMv  Dorthward^  parallel  thi»  coa^t  of  xhn  Uuitod  Statet, 
|T»^ua1lj  widening  and  bwonktof  Imi  martied,  nnd  gqiitlj  it  directed  tawurd 
the  froxeo  oeeati,  ai}d  Briluh  Island*.  It  carries  away  tho  e£c^9  of  beat  from 
tbe  ilutillef,  ftfid  WHnn  regiionf  near  th«i  eqaator^  beyond  the  wefltern  Atlantie, 
MDfiltoratiiig  Ibe  climite  of  the  Brituh  Iilaoda  and  all  nortb-weatoru  Europe. 

Ti«  roflarches  of  the  U.  S.  Coast  Survej  bnvu  gr^allj  cstcnJed  our  kftow- 
l*dg»  of  thi«  ivcojukJible  riTBr  of  tlie>  ocean  (or  ra.tbcr  oniun  of  many  rirers  of 
warm  water firit  brought  tiO  the  notice  oT  the  scieniilla  world  bf  tbo  iUustrioM 

IIL  K^DIATtON. 

629,  Radiation  of  heat,— Hot  bodies  radiate  heat  ec^uallj  In  all 
direetiona.  Had'nint  beat  proceeds  In  straight  I'meR,  diverging  in  every 
directlgQ  from  the  puiots  where  it  emanates.  These  divcrgitig  lines 
are  called  (hernial  r^iyj,  or  Juat  ratfs.  Heat  rays  coattnuc  to  issue  from 
ft  hoi  bodjt  tbraugh  the  whole  proeesi  of  ita  cooling,  until  it  sinkt  to  the 
acttt&I  temperature  of  the  air,  or  surrounding  tiiedium.  It  ta  generctltj 
hf  radialioD,  that  bodiea  becooie  heated  at  a  distance  from  the  source 
of  heat. 

St&tidlng  before  tL  fire,  or  w  the  sun's  light,  wc  feel  the  genial  infiu* 
ence  of  the  heat  radiated  from  these  soorcca.  A  catidle»  or  gas  light, 
givea  off  its  beat  as  it  does  it^  light,  in  all  dircetions.  A  ttiGrinonictet, 
placed  at  equal  difitancea  around  the  flamef  indicates  the  iatne  tempera- 
tare. 

630.  Radiant  beat  ia  but  partially  absorbed  hj  the  media 
tlurottgli  which  it  passes ,  and  ia  not  sensibly  affected  by  aoy  motioa 
of  the  tjiedift,  as  of  winds  in  air. 

The  »un'e  rajs  lose  about  one-fourth  (0'277)  of  their  heat  in  passing 
through  the  atmosphere,  the  remainder  being  absorbed  or  reflected  at 
the  inrface  of  the  earth.  The  air  receives,  huwever^  the  greater  part 
of  its  warmth  by  reflection,  conduction^  and  convection,  from  the  aur^ 
Ikoe  of  th«  earth,  thus  healed  by  tbo  lun. 

Wi»  rei*etvo  warmth  from  the  fire  upon  our  per@on»,  although  the  air 
reoHilriM  cold,  and  may  be  continual ly  renewed. 

The  eondueiioD  of  l^cat  Is  probably  internal  radiatiion  from  partide  to 
porikkj  for  llio  material  abotas  of  which  any  aabitanee  eonibt*,  are  nul 
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supposed  to  be  in  absolute  eontftct,  although  held  near  each  other  hj  a  strong 
attraction. 

631.  Intensity  of  radiant  heat. — The  intenBity  of  radiant  heat  is 

according  to  the  following  laws : — 

Ist.  II  is  proportional  io  the  temperature  of  the  source. 

2d.  It  is  inversely  as  the  square  of  the  distance  from  the  source, 

3d.  It  is  greater  in  proportion  as  the  rays  are  emitted  in  a  direction 

more  nearly  perpendicular  to  the  radiating  surface. 

1st.  If  a  thormometer  be  exposed  at  the  same  distance  from  different  sources 
of  heat,  having,  for  example,  the  temperatures  of  100^,  l&O**,.  and  200^,  the 
amount  of  radiant  heat  wiU  be  directly  as  these  numbers. 

2d.  Thus,  the  heating  effect  of  a  body  at  a  distance  of  two  foet  is  onlj  one- 
fourth,  at  three  feet,  one-ninth,  and  at  four  feet,  one-sixteenth  of  what  it  is  at 
one  foot 

This  law  may  be  exemplified  by  supposing  two  globes,  one  of  one  foot  diame- 
ter, the  other  of  two  feet  diameter,  having  a  body  equally  heated  in  both.  The 
larger  globe  exposes  four  times  as  much  surface  as  the  smaller  one;  conse- 
quently, each  square  inch  of  the  larger  one  will  receive  only  one-fourth  as 
much  heat  as  each  squaro  inch  of  the  smaller  one,  while  the  distance  to  this 
surface  is  only  twice  as  great 

3d.  This  law  may  bo  demonstrated  by  the  apparatus,  fig.  476.  In  the  focus 
of  the  mirror,  a  thormoscopo,  /,  is  placed.   A  A,  U  6,  are  screens,  pierced  with 
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equal  openings.  The  vessel,  a  c,  is  filled  with  hot  water.  The  position  of  the 
index  of  the  tbermoscope  will  bo  tho  same,  whether  ac  is  perpendicular,  or 
more  or  less  inclined.  And,  as  in  the  latter  case,  there  is  a  greater  surface  ex- 
posed, and  consequently  a  greater  number  of  heat-rays  pass  through  the  screen ; 
yet,  as  the  same  effect  is  produced,  the  oblique  rays  must  be  less  intense  than 
the  perpendicular  rays,  the  intensity  diminishing  with  their  obliquity. 

C32.  Law  of  cooling  by  radiation. — Newton  supposed  that  the 
rapidity  of  cooling  of  a  body  was  proportional  to  the  difference  between 
its  temperature  and  that  of  the  surrounding  medium.  This  law  is  cor- 
rect only  for  those  bodies  differing  in  temperature  not  more  than  15*  or 
20*  C.  (59*  to  C8*  F.) 

Dulong  and  Petit  made  elaborate  inTestigations  upon  this  subject, 


i  determined  ih&t  wKere  the  heat«d  boJ^  wna  placed  in  tbcuo  at 
temperatures  asceuditig  according  to  tho  terma  of  an  arithDi(Jiic  pri> 
g^«teloa,  the  raptditj  of  cooling  inerensed  according  to  the  tettuB  of  ii 
geometric  progression,  dimmighed,  liuwovor,  hj  a,  oongtant  quantity, 
|tbis  constant  being  the  beat  radiated  back  upan  the  cooling  body  irom 
the  walU  of  tlie  confining  Teescl.  If  tbe  temperature  of  the  ve^Bcl, 
•od  that  of  the  heated  body^  wore  boih  raiaed  according  to  tho  terms  of 

»«D  arithmetiG  progression,  so  that  the  difierence  between  t!io  two  was 
Always  constant,  tho  rate  of  iK>oltnj;  increaaod  according  to  the  tcrma 
©f  a  geometric  progrMsion. 

KadiatioQ  19  found  to  take  place  more  freely  in  vacuo  than  in  air, 
633.  tXniveiaal  radiation  of  lieat. — Ilcat  b  radiated  from  all 
bodies,  at  all  time.i,  whether  their  tenipcrature  be  the  eauie  as^  or 
different  fniin,  that  of  isorrouoding  bodies;  for  it  is  the  tendency  of 
h«at  to  place  itself  in  eqaiUbrium. 

In  an  apartment  wbcro  &U  tb«  artidc»  arc  of  tho  lame  tomperature,  cRch 
ocdre*  u  niacb  hiwi  as  it  radiatei,  uid,  cuaiieqiteatlj,  ibcir  Itmpcraturo  rcuit»lai 
•Utioaary.  Where  some  bodies  ar«  warmer  than  otbcrtp  the  warcicr  rndlatB 
moT«  tJiui  Iboy  receir?,  udUl  Rntd]y  dl  attnia  iho  «aaic  tamp«rAturi».  Hcnca 
bodiof^  howertir  cnld^  will  warm  bodiee  colder  thso  IbcmHolrcBi  tbiia,  froxeo 
ntemtr^i  plac«4  ia  a  cbtUj  of       TftU  b«  to  cited  by  tb«  beat  r«coir«d  from 

654.  Apparent  radUtion  of  cold  takes  place  when  two  parabolio 
iDtiTors  are  placed  opposite  to  each  otber^  having  a  delicate  tberinome- 
ttt  in  tbe  focus  of  one,  and  a  mass  of  iee  suspended  in  that  of  the 
other.  The  temperature  of  the  thermometer  will  bo  seen  to  fall,  appa.' 
rently  by  the  radiatioo  of  cold  from  the  ice.  The  true  explanation  is, 
that  tbe  thermometer  is  "wartner  than  ibe  ice,  and  radiating  more  beat 
than  it  receives,  tlius  Josea  heat,  and  the  temperature  falls.  If  the  ther- 
mometer had  been  at  a  lower  temperature  than  the  ice,  the  phenomenon 
would  have  been  reversed. 

Tbe  foUowiag  remarkable  iajUnee  nf  tb«  appar«at  focaliiatioa  of  eold,  t« 
explained  Id  a  fiiniliir  maanor.  Th«  Dxperiment  in  duo  to  tb«  Florcatino 
A<ademicij&n  Porta  in  the  «txieentli  eenturj«  If  a  parabolic  mirror  tii  pl&piid 
with  it«  as^tJ  puiatia;;  lowardj*  Ibe  aao,  tbe  beat-rajt  will  bo  reflected  to  Ibe 
focqt  of  the  mirror.  But  (f  tbfl  mirror  be  turnod  *o  u  to  face  Ibo  ckar  blue 
ikj,  lis  tacot  becomi^i  a  focus  uf  cold,  and  a  delicate  thercno meter  placed  at  that 
point  vil!  iinfe,  in  dear  weatber,  a  few  degraea  ia  tbe  daj  time,  tjxd  m  mcicb 
as  IT^  F.  at  Oilgbt.  Tbi«  pbetiameDoa  l9  Lbm  accfi&ctcd  for:-— tbo  tbermomotor 
b  eofiilantlj  radiating  beat  ia  all  directioae;  ibe  mirror,  being  a  paraboloid, 
TeDe«<tB  to  itf  focua  onlj  tbote  raji  lb  at  some  iu  a  direction  paraltol  to  iti  axift. 
In  tbal  dirovtto'n  tio  mya  eotuo,  for  Uiere  it  no  lource  to  n0ect  them,  coDa«^ 
quentlj  ibe  t«mp«ratiir«  of  ib^  tbenaometcr  falli.  If  a  cloud  p*»»«i  over  the 
axlj  af  tbe  latrror,  the  tbermomet«r  injtantly  ntm  la  iU  umtl  boi^bL 
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f  5.  AcUaa  of  diJTereot  Bodies  upon  Heat, 

I,   SURFACE  ACTIO 

635,  Reflection  of  heat. — Co oj agate  mirtOTB.— Kadiant 
like  light,  b  reflO(:ted  at  the  Bame  aogle  at  wbidti  u  falls  upon  any 
fleeting  iJurfAce.  This  law  in  respect  to  light  hii9  becti  fuUy  itZustra 
in  the  chapter  on  that  Bubject. 

If  h  pieco  of  bright  tin-pInto  li  hfsid  in  such  a,  posttion  as  to  refloat  iht  lig 
of  ft  cUm  Gre  into  tb«  fAoe,  tha  toBintJoii  of  beat  wHl  Uo  folt  lh«  moment 
light  h  avoa. 

Coftjntfate  ismVror*.*— The  reflection  of  hcftt  may  lie  shnwD  to  a  eUU  iBd' 
•trikittg  ftiaftuer  tbe  appirfttus  eaJled  ibe  coojugat*  mirrorA,  fig. -Im,  co 
Misting  of  twu  slmilftr  pju-ftbolio  mirrorSt 
amLDged  exaetlj  opposite  la  etch  otfaor, 
at  ft  dintance  of  ten  or  Iwolve  feet.  In 
tbo  focus  of  ODQ  mirror  is  plaOcd  a  heated 
bodj,  as  a  miufl  of  red -hot  iron,  and  in 
tbo  other  A  portioa  of  an  inflriEiamJiblo 
■ubflUiiice,  guDpowiier  or  pbosphoru«i. 
CiJrtain  of  the  hfiat-rAy*  piifis  rl i recti j 
from  A  to  B ;  the  greAlor  part,  however, 
TOMb  Bji  by  b«ii>g  twico  r^floctcd.  The 
r»ji  emitted  from  A  are  rei^ectcd  hf  the 
mirror,  M,  in  a  direcUoa  parallel  to  il;^  4'- 
own  aiii;  linnm  fay*  are  received  by  the  "^^'^ 
•eeond  mirror,  M.  anU,  by  refleetioaj,  ore 
oonreyed  to  the  fooqs  B,  igniting  the  ganpon 
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The  reflection  of  hmt  in  vacuo,  tnkes  place  according  to  the  e«me 
laws  aa  in  air. 

CSG.  Determination  of  refleotiTe  power.^Different  budics  po*> 
tees  wrj  diflctrent  powers  of 
flection.  This  la  irell  illustrated 
hj  the  apparatus,  fig.  478,  de^ 
eigned  hj  Leslie. 

The  tourcii  of  bent  is  a  cubical 
tia  caabter,  M,  filled  with  boiltiig 
wat«r.  A  plate,  a,  of  the  sabstan«>o 
whoio  mBeetive  power  is  to  be  de- 
tflrmined,  ia  placed  belwc>en  thenur- 
tor  aad  ita  fucua.  Tbe  raja  of  beat 
emitted  froiu  M,  which  are  directed 
upon  the  mirror  are  reQcetcd 
upon  tlje  plato  a,  and  from  tbij, 
upoti  tbe  balb  of  the  tbermoecopo,  pla«d  *.t  th*  p«iDt  where  the  rajf  *f» 
brcraght  (o  a  foma.  The  tempo  rat  iiro  iodicatod  bj  tb«  ibermoiCQpe  is  fuaod  In 
vary  with  the  nature  <^f  tbo  ptatei. 

The  <iaujiof  which  modify  Ui«  refleeLirepf^werotbodiefl  will  be  giteb  ber«aft*r 
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<37»  Ati^otptiv©  power. — Different  bodies  posseea  rery  differetit 
|iOw«ri  of  iibiorbing  the  beat  thrown  upon  them.  The  nbaorptire 
power  ot  a  bodj  h  alwaja  in  the  inrerftd  tDtio  of  it^  reflective  p<:»wer ; 
that  Is,  the  best  reflectars  arc  th^  worst  absorbents,  ami  vice  versa* 

Tb«  »liiuf|ttire  patr«r  of  IhmIics  mivj  be  'dctormiaod  hy  a  intidi0en.ti4Q  of  the 
*pp»riluF,  fig.  i78.  At  the  fwaj  of  tte  Boirrur,  N,  ia  plnced  tho  bulb  of  a  tbtf- 
niofefifi«,  wbicb  it  luccesatrely  coTcrecl  vltb  diffbr«nt  iubftAnccs,  mt  with  Inmp- 
blsfik,  IhiIIaii  ink,  giiffl  lao,  meUOlie  leaf,  Ac.  t.««Iie  ba«  bc«n  the  princif^al 
•X|>«rimenter  in  ibia  tlopftnnient  <tf  b«at,  A  iraoke-bluckiiDed  iurf^cc,  {iiid  b 
HKAm*  eor4sr«d  i*iib  carbonate  of  kadi  abiorb  nearly  all  the  raili&Dt  bcftl  ibrown 
tbem ;  g\m  1%%  f  p(»li»tied  cast  iroti,       ;  ;  ailver,  Tabia 

BO.  Ttll.t  Appendlxj  girea  tba  resslLs  oblaiaed  bj  Meiiisrs,  de  la  Provoitajrft 
aad  Beiaina. 

An  black  and  dull  turfaces  abtorb  hital  v^ry  mpidlj  ti'li^Q  cxpoicd  to  Ua 
a^tiofk,  itid  part  with  it  ngaiu  atawly  bj  seeoodarj  radiatioa,  Tb^  didcreut 
povara  of  absorptlQn,  po«*«ft««d  bj  tbo  difcrunt  colora,  nQiiy  be  Ula^trated  by 
f«p««tJiiX  FraakliD'a  experiment.  Pieces  of  the  same  kind  of  clotb,  of  diJIoireiit 
eolon,,  were  pliM^cd  upon  Ihe  bdoit  ;  ibe  black  do  Lb  absorbed  ibu  motl  bcat^  fto 
lb  at  aider  a  time  it  snuk  into  tb«  Ot^Hed  souvr  beue&tb  it,  if  hilci  tbc  irbtt^  clotb 
pr<i4]i««4  but  little  effect ;  the  other  colored  cloths  produced  to  termed  iate  elfecti* 
Hanged  aceo^rding  to  tbcir  abaorbeat  puwisrs,  wo  bave,  1.  BlftHsk  (wtrmeit 
ftU) :  2.  Tifjltt ;  3.  Indfga  ;  4.  Blue  ;  &.  Ornen  ;  0*  Red ;  7.  YaUow  ;  ud  8.  Whita 
(eoldctt  of  all  J. 

638,  EmiAoive  or  radiating  power,— The  earliest,  and  some  of  the 
IdOfrt  valuable,  observations  upon  thia  eubjeet,  were  pnblisbed  bj  Sir 
Jtibn  Leslie,  in  his  Essny  oti  Ileat^  ia  1804.  Leslie  proved  that  tfao 
rate  of  cooling  of  a  hot  bodj  is  more  influenced  hy  iha  siniQ  of  ita 
ntrjaf:>e,  tlian  the  nature  of  its  substance.  It  also  varies  greatlj  with 
difi«reut  eub^tancea,  us  may  be  seen  in  tlie  table  below. 

I<e»1ja  cmplojed  ia  bis  espcrimcoti  1b«  apparatus,  6g.  473.  A  bulb  of  a 
IbamMCope  was  placed  in  the  focu«  of  the  mirror^  ibo  other  bulb  being  pro- 
tected from  tbo  radiaot  beat  by  *  ftrre^ti.  Tbo  cubkal  vcraicl  ooaUAning  tKiiUn^ 
watert  has  ita  laieral  faAoa  corered  with  di^erent  subalancea,  which  are  auceci- 
lifel;  tamed  toward  the  mirrar. 

The  tablo  bolow  girea  tho  re«uU«  aa  obtained  bj  Leilie.    Lampblack,  poi- 

HKMlpg       jfreatett  emiaaivo  powcr»  is  »lled  100. 

 ^  _  _  1 


Lampblack    ,  » 

Indian  ink 

.  .  BB 

Pt»ltabed  lead  ,    .  .19 

Watar  (bj  eab'u) 

.  m 

Mercury     ,    .    .    «  30 

Wriliog  pap«r  , 

,  98 

Puliabed  iron  .    ,  ,15 

Sealing^  wat  , 

.  95 

Plumb  Ago  .  . 

"     tiWer,  tin. 

Crown  fUa#  .  . 

.  00 

Taruiihed  i«ad 

"    eoppffr,  gold,  13 

31  Mtti.  D«  )a  Protoataje  aad  Daitaina,  an 

d  alao  MeUoni,  hare  obtaia*drM«lt« 

ditfarinf  ■omewhac  froai  tbo«e  of  Lealte.  B««  Tablci  VL,  Append  Ls.  Helloai 
foDttd  that  tho  radiant  and  absorheiit  iiowan  of  aurfocei  were  not  always  pro« 
portional,  aa  the  following;  tabta  abowi  t — 


tMmifhXmmk- 

K«t>Ule  SarfH*. 

Abaorptir«  power 

,  HJO 

m 

52 

14 

Eadiant  power 

.  ]00 

as 

91 

72 

12 

40 
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MelloDi  Las  al«o  foaod  that  tbo  ftb8<ir1:feot  power  of  lar&cef  YttHed  coniider 
ably^  according  to  tbo  Boure«  «kf  tbo  mdiaLion,  nod  tho  texuperftture  of 
rndinnt  body,    (Sfi«  Tublo  IX.) 

From  MelbnV*  expertixicntj  mty     dntwn  the  following  eon  d  at  ion « 

1.  Tbat  bodies  ugree  rBry  Acttrljr,  but  tiot  c3csc(1;,  id  their  emiUuig^  ud 
■bgorbcut  |tawcri. 

2.  That  Ihoir  dbaorbont  powor  rarwi  very  rcm*rk»blj  wilb  Ibe  origin  ui4 
iatotiBitj  of  tli«  calorihc  rftf  a. 

3.  That  thcij  approach  each  other  mor«  und  more  in  tbelr  power  of  «iBiiti&£ 
fuid  abfiorbing  raji  of  bcat^  wbes  the  tfimpomtare  appro »^b«#  Ibat  of  boiliag 
Wfttor  J  mad  that,  wbca  at  ejcaotljt  that  leidpernturti,  tbe  emittisig  and  ab»orb«))| 
pDwcTfl  Qoinctdc. 

Causes  which  modifj  the  emissive,  absorbent, 
reflective  powers  of  bodies. — Not  ontj  do  different  bodies 
tlio  puwera  of  reflection,  abaurptioo,  and  emlmkn  m  difierenfc  di 
but  the  phyeical  condition  of  the  material  affectfl  them  in  an  importftnl 
manner.  i.is>  al&o  the  obliquity  of  the  incident  rays,  the  source  of  heftl 
and  the  thick ncas  of  the  super&cial  lajer,  exercise  great  influonce, 

The  absorboat  and  emiasire  powurs  of  iuolollie  plAt««  Ar«  dioiuii^bcd  if  the; 
brtj  bamtucniJ  or  poliibcd.  Tbo  oppoaito  effect  ib  produced  if  tha  plo^tej  ar9i 
Bcratched  or  rougbened.  This  la  dciubtlwn  owing  to  tbe  chiuige  la  dttbttty  which, 
tbo  auporficijil  Iriy^era  of  the  plates  uiudDrgo  bj  tboto  operationi.  For  tb« 
resjsoD,  tbo  roficctivo  power  of  n  f  (ibatanco  ii  gcoerallj  increased  by  poHshitic 
or  hammcrisg,  and  dimiDtihed  by  rough^piQg  ctt  acra^tebiag  it;  whtc-h  lall 
»Uo  cau»ea  a  portion  of  tbo  heat  to  bo  iri-cgularly  reflected.  Tbul  tbl*  i* 
true  explaDatioD  is  probable  from  tbo  fact^  Ibal  if  each  iBiit«ri«l#  as  ireiy 
cunl  arc  taken j,  wbofio  d^iDsUy  will  not  bo  changed  by  roughening  ttr  poUsblno' 
tbo  refleettre  and  abaorbcnt  powers  remaia  th«  eam«. 

Tho  thickneas  of  tbo  superficial  layer  bouB  an  inflQenpti'  on  Ibc  r«0ecliv«  power 
of  hadias,    Loftlie  eovered  a  mirror  with  aucccisira  coatingt  of  rart)i«h 
rellectioo  dimiaiahed  lu  the  namber  of  lay«rf  inercB4«d»  natil  tboir  ihiekni 
Amounted  lo  twcnly-flre  thouaandlbB  of  a  miiliniDtrc't  when  it  remained  eon- 
ataraU    WbiLo  a  vf»sel  eofercd  wUb  lajura  of  Tarniab  or  jelly  had  iU  emiAtiTt 
power  InercDjed  with  tho  number  of  layers,  uuiil  they  roafihed  fiitecn  (with 
thicknoBa  of  O  OIii  m.  m,),  wben  it  remained  eonstant,  even  upon  the  «rdditi 
of  other  layers.    Tbo  absorbent  power  of  subntanee^  varici  with  the  eatni 
of  tbo  aourro  of  boat,    Thui  a  aubstance  covered  with  wbito  lead,  absor' 
uoftfly  all  the  tbcnaal  ray*  froa  copper,  healed  to  212°  F. ;  66  of  Ihofe  fro 
i&canileacent  platioain  ;  and  b'd  of  iboso  from  an  oil  lamp^    Lampblack  it 
only  flubstanee  wbicb  abjiorhA  all  the  tbcnaal  rkyv,  wbatovcr  b«  ^o  «ouree 
beat.    Thif  aubjoet  baa  been  ably  treated  by  Prof.  A,  D.  Bache,* 

Tbo  absorptivo  power  raries  with  the  inclination  of  the  incident  rays ;  the 
amoJlar  tho  angle  of  incidence  the  greater  u  the  ab^oriJtioti.  Tbb  ia  one  of  Ui« 
Tcaaona  why  tbo  «un  heati  the  earth  more  in  aumracr  and  lesa  in  winter. 

The  reflective  power  of  glass  iticreiues  with  the  angla  of  incldeneo,  but  wii 
metallio  larfftoes  the  proportion  of  bent  reflected  dtminiBbej  with  tbo  atigld 
iDcidoncc,  and  is  tbo  eamo  ai  the  proportion  of  light  reflected,  g  1^7- 

040.  Applications  of  the  powers  of  reflection,  absorf^l 
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«sd  taxation  aro  oft^n  made  in  Ifae  ecotiomlcid  use  of  hoaL  Wo 
sbali  tehf  only  to  the  more  fiuuilmr  eititnples. 

MMl^routort  »nd  Datab-oTeTia  kto  coastrucled  of  bright  Udj  to  dLnol  tb« 
fivat  from  Uio  firo  ujion  thfi  Article  cooking. 

lIo*r  frofft  rtunftiDi  longer  in  the  prcsoUM  of  tb«  momiiig  sua  npan  ligbt- 
«0l9f«>d  «bji»elt  th&&  upoa  Iho  dark  eoiI,  bficanse  th«  latter  abaorbs  mneb  of  Uio 
]|e*|,  utiile  ibft  former,  roftwting  it,  remain  too  cold  to  thaw  froat.  Water  ii 
•IopIj  bcated  in  brigbt  metnllio  rc^vcl^,  ii«  is  ft  §i\vcT  rup  or  a  donn  brigbt 
]t9tiU%  boc*ttse  Ibej  aro  poor  absorbents,  ^<^'  '^^  aiilta  aod  boltom  of  tha 
T— ids  tw«onio  coT^d  with  soot,  the  water  It  heated  quLckl;f . 

To  kc«p  a  liquid  WAttn  it  should  eontninod  in  a  ycsaqI  composod  of  a  poof 
ndiatLng  maiermU  llenco  if  ten  iwd  coffee  pota,  Jtc,  aro  made  of  poHtlied 
mtud,  th^T  ^t*iCL  the  heat  much  lounger  than  tbon  whiofa.  bava  «  dull  «tirfa«»  or 
composed  of  cart  ben  nr»re. 

Sttivas  of  poliabed  ibeet^iroD  radiato  leu  heat,  but  keep  hot  longer  than  tboM 
and*  of  caat>ir«&  with  •  rough  luid  dull  snrfaee. 

PipM  QQiiresrlDg  flteam  ihould  be  k«pt  brigbt  or  thorough  I  j  eovcrod  wi  tb  fell 
«T  eHvih  qnUI  tbej  reach  the  apartmontfl  to  be  warmed,  and  there  tbeir  surfaces 
abontd  b«  blaekcaed  Id  order  bo  fttvor  the  proceat  of  radiation. 

11.  DIATOEnU  ANcr. 

641.  TraaBmlssioD  of  radiant  heat, — Ltght  poBses  through  all 
traoBparent  bodies  from  whmever  source  it  may  com©.  The  niya  of 
h^aA  from  the  euo  also,  like  the  tajs  of  light  from  the  same  lummnrj, 
]mst  through  traatpareot  substaacce  with  little  change  or  Iobb.  Radiant 
beat,  howcTer,  from  terrestrial  sources,  whether  lummouii  or  not,  is  in 
a  great  iiQeaaure  arrested  bj  man  j  transporoot  subatances  as  well  as  bj 
those  which  are  opaque. 

Tbo  gta,a»  of  oar  windows  remAlni  eold^  while  the  heat  of  tho  au&|,  pOiSffing 
Ibrongb  it,  wanna  tbo  toom.  A  plat«  of  glwMB  held  before  the  £r«  atopit  a  l*rge 
part  of  the  heat,  althongh  the  light  ii  not  Benaibtj  dimintabed. 

Slelloni  terau  Ihote  bodies  which  transmit  heat  diathermamuf,  or 
diathermic  {from  the  Greek,  ded,  though,  and  Otp^aiviOt  to  heat) ;  those 
bodies  which  do  not  allow  this  traaunlssloa  of  heat  are  termqd  aiha^ 
atanoia,  or  adiaihermanic  (from  alpha j  priratire,  aad  Ozpfiavjm). 

It  appears  that  many  Bubstancos  are  eminently  diathermaoous,  which 
are  almost  opaque  to  light;  amoky  quartz  for  esaniple. 

Prtfost  of  GeueTit,  and  De  la  Roche,  in  France,  in  1811  and 
1812,  discovered  many  of  the  phcooraeni*  of  diQthercnatiouft  bodies,  but 
it  is  from  the  beautiful  researches  of  Melloni,  In  1832 — that  our 
knowledge  upon  this  subject  Ua*  been  cbietly  derived.  Melloui,  called 
by  De  la  Rtve  "  the  Newton  of  heat,"  died  of  cholera  at  Naples,  in 
August,  1854. 

642.  Melloni'e  apparatoa. — The  apparatui  used  by  Mellotit  in  his 
MMaitshee  upon  the  trnnsmiasion  of  heat,  ia  represented  in  all  ite 
MM&tial  details  in  fig.  479 
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At  onfr  end  of  tha  gra>du»t«<l  mctiktlii}  bar,  L  h,  is  pluccd  tfao  tli«itao-iiitiUipliei; 
1*1,  &iid  iQ  coDQoclioii  mik  it*  Que  wirufl,  A  B,  the  tmutadfl  galranotnctfr, 
{  fl(J5,  D.  Dpon  tlic  Btimd,  o,  is  placed  the  source  of  heal  j  In  ihin  cm©  a  hovm^ 
IflUi  Iftmp  :  F  is  ft  doabla  «orvea  Co  provoiat  tii«  r*diMiob  of  the  hemt  from 

m 


tQUfoCj  and  is  lowered  st       notnont  of  obserration  :  E  ii  a  perfonit«d  se 
whioti  allowfi  only  a  certain  qQanlitr  of  rays  to  pa^a  througb  it  and  %o  fM  upon 
C,  which  rcprcaenta  ibe  snbstAQce  who^«  diatbcrmnncj  is  to  bo  dclenainQd. 

In  exp«ritiietitiiig,  tbo  source  of  h«at  is  placed  al  eucU  a  dblaoce,  thai  wh 
F  is  Ttmov«d,  tba  boftt  directed  opoa  nt,  will  causo  tihe  ii««dk  of  tbo  gal 
TUQtar  to  more  through  t^O^.    The  acrooD,  F,  \i  th^u  rftiscd,  and  the  plate, 
Ltj  expmmefit^cl  lipon,  i$  pIiMMsl  upon  the  stand.    Wbtn  ibe  newlla  cif  tb*  gn^ 
vnnomutvr^  D,  fans  returned  to  0*^  (itfl  nortnnl  position),  theicrocn,  F«  k  rvmnrvd* 
Tbo  proportion  uf  boat  (rimaitnlttod  through  the  plate,  Vf  is  tbea  imlkiitnl  hf 
the  urc  of  vlbraion  of  the  neodb,  over  tie  dial  pl*t*!  of  D.    The  conslmerio 
ofthe  gah'ano meter  and  Lbormo-multiplicr  ii  more  particularly  detcribod  in 
cbftpter  on  tbermo-cloctrieUj. 

643.  Xaflneace  of  the  BubatanQQ  of  ecfeens.-^Io  experimenlJn 
with  liquids,  they  were  placed  in  glaas  cella.  Tlie  slratutii  of  liqoi 
was  0'2L  m.m.  (*362  ia.)  in  thickness.  Tho  sourco  ^<sa>t  uaed  w 
QD  argnnd  oil  lamp. 

The  ioilcpeo deuce  of  transpareocj  and  diathermaacy  wa«  clearly 
ahown  in  these  researclies,  for  it  was  found  tlmt  the  hbulpbid  of 
carbon  transjuittcd  thrco  times  as  many  hcat-rayA  as  eiher,  four  ilmi 
M  many  as  alcohol,  and  more  than  fire  timoa  as  many  aa  waters 
tt! though  tho^e  liquids  are  equally  transparent  and  colorless.  TaUa  X 
gtv^s  the  dmthormuiicy  of  different  liquids. 

It  is  found  that  thoBo  solids  which  are  transparent  to  light  do  aoi 
necessarily  allow  the  passage  of  beat,  aad  tice  rer*a.  Thua  Bulpb&bt 
of  copper  tranamtta  tbo  tltie  rays  of  light,  but  enlinDly  arr««t9  Ibo  mjf 
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or  beat  Again,  blacls  mien,  smoked  rock-salt,  and  opnq^uG  black  gltv^fl^ 
iran«mit  n  conaid^robb  portion  of  the  bcttt-ritjfl,  but  prevent  tbo 
pftssftge  of  light. 

Roek'SaU  it  the  oqIj  aubstancc  tbat  permita  au  equal  amoniat  of  heat 
from  fttl  sources  to  pass  through  it,  Mellooi  exporijaejited  with  pkto* 
of  tliis  substance  of  ii  thickness  varjiDg  from  une-twolfth  of  au  inch  to 
two  or  three  inches,  and  in  all  cases  92*3  of  KH>  raja  tiiqiijent  upon 
them  were  transmitted.  The  loss  of  7"7  per  cent,  being  dae  lo  a 
noiform  quanttty  wtiich  le  reflecto<l  at  the  two  iurfoces  of  the  plate. 
E<:<ek  salt  iii,  therefore,  to  heat,  what  clear  glass  ht  to  ligbt^  and  well 
deserves  the  name  which  Melloni  gave  it,  of  the  gh$s  heaL 

The  diatharmanic  power  of  diOcrcnt  ^lide  for  different  sources  of  heat 
maj  he  ft;>uDd  in  detail  in  Table  XIII. 

644,  Influence  of  tlie  material  and  nature  of  the  soiirce. — The 
quantity  of  heat  transmitted  through  di Cerent  solids  of  the  ^aiue  thick* 
ness  ia  Tcrj  variable.  The  nature  of  the  source  of  he:it  exercises  a 
great  influence  oti  the  diathermanic  power  of  1>odies.  Melloni,  in  his 
eiperiments^  used  four  sources  of  heat,  viz.:  1>  The  naked  flatne  of  a 
lamp ;  2.  fn  can  descent  platinum  ;  3.  Copper  heated  lo  700°  Fi ;  and, 
4,  Copper  heated  to  212^  F. 

645.  Otbei  causes  wbicb  modify  the  diathermanic  power  of 
bodLoft  aro  the  degree  of  politih,  the  thickness  and  number  of  the 
■creens,  and  also  the  nature  of  the  screens  through  which  the  heat  has 
been  preriouslj  transmitted. 

The  qusntitj  ofbeiLi  whkb  a  diatbcnUAtiic  Wdj  tr«a«miu.  incrcttaes  with  tfaa 
d6gn«f>rpQlJjh  of  it<  eurface.  Tbc  diatbermnaic  piiwcr  of  &  bodj  dimlni^lica  with 
iU  tliiekiieis,  aliiiDugh  lu'cordlng  to  »  lc«j)  rapid  rule.  Tfatta  witli  four  plAtc^i  mrliQsa 
tbieko«t<  WM  u  the  eumben     2,  3,  4;  of  IdOO  rAjs,  tbo  qnnntiU  absorbed 
Meh  wu,  rcKpcclird^,  GIB,  &T7j  so  thwt  bejond  a  certain  tliiekncsH 

of  the  bodj,  tli«  quantity  uf  he&£  it  ««ti  trftEdtnit  remidni  oe&rlj  cottaUnt.  Ki>c1c- 
■alt  is  ths  Duljr  oxvcptiDn  to  tbb  tn-w ;  it  Always  allows  the  Hkine  quiuitity  of  beat 
to  psft  througb  it,  at  Ic&st  for  tbicll□(^isei  bclwetm  2  snd  40  m.m,  (  0737  tod 
1-57S  in.) 

The  increase  of  the  ntimher  of  screens  produces  ao  effect  almiJar  to 
Ml  increase  of  thickness.  If  man j  plates  of  the  same  kind  are  placed 
together,  thejr  absorb  more  heat  than  one  plate  havitig  the  combined 
thickness  of  aeveral,  owing  to  the  numerous  surfaces. 

The  Ibermnl  mya  which  hnTfi  parsed  Uirofigb  une  ttt  more  diathcriQAnic  Lodteg, 
srs  §0  inodiflpd,  that  lb»j  psJ^i  wiib  uQors  fjwility  tbrougb  otbcr  drntbcrmaDio 
iKidifei  than  direct  t%jt  do.  Tbn*  the  best  from  an  argand  lamp,  where  ibo 
Asme  ia  surrounded  with  a  glut  efaimney,  differa  macb  ia  iU  tranftaisaibllltj 
froni  the  heat  of  a  Locatclli  lamp,  wbero  ih«  Haiuo  ii  tn^  and  open.  Thai  Id 
taaleiiaf  mi«  of  an  argand  Ump  surronadcd  wilb  a  glais  chimnaj,  snd  a  Loc;»< 
t«lU  Ump  whkb  is  not  thus  protected,  Mdlooi  obtainvd  tha  foUowtag  residts, 
40  » 
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TABLE  OF  HEAT  TRANSMITTED  FROM  DirFERENT  SOrRCEfl. 


Of  100  njs. 

Arguid  tanip. 

Loemtalll  tamp. 

Rock -Bait  lr&nit]iitti»d 

n 

91 

IccUnd  spar  " 

es 

39 

Quart B  (Umpid)  bliLekeqed:,  truiimUt«4 

57 

3i 

Sulpha  Us  of  limo 

20 

1? 

Alam  « 

13 

T 

ti4d.  TheTmochrOAy,  of  heat-^xiJomiion  {&sp/io^^  heat,  and 
color). — Ab  Newton  has  shown  that  a  pencil  of  white  light  is  compoa«d 
of  different  colored  rays,  wliicih  are  unequally  absorbetl  and  transaikted 
bj  different  media,  and  which  imy  be  combined  together  or  isolated, 
so  Mdloni  argues  from  hia  results,  that  there  arc  different  a  pec  tea  of 
calorific  rays  emitted  aimultanfeously  in  varmble  propcirtions  by  the 
different  taurccs  of  heat,  and  possessing  llie  property  of  being  trans- 
mitted more  or  less  castlj  through  screens  of  variotis  eubstanccs. 

If  a  penci!  of  solar  light  falls  succCftslTelj  upon  two  plutcfl  of  (Colored  gitai, 
ono  red  and  the  other  blaieh-grccn,  it  will  bo  wholly  abiorbed,  the  second  pl&tn 
ubiofbitig  nil  lb D  mys  trfto*initteil  by  tbe  Prit,  This  ia  praciAulj  m^lq^us  to 
whikt  may  happen  with  Ibflrmat  pcDFil,  ita  cntira  ftbtorptioa  being  caused  bjr 
p*j!ffing  it  througb  two  media  sueceajively,  each  of  which  abaorbi  tb«  nj* 
transmitted  by  the  other,  Yjcwod  is  this  manner,  it  may  b«  tttkid  that  rock-ult 
is  ca1orki«  «  r«»p«et4  bent,  whl1«  lilum,  ico,  &nd  Bugar-undj,  tin  almost  bUfk. 
It  it  a  fact  of  common  obBcrrBtioEi,  tbn-t  f  now  mdt«  mon  qokkly  u&dcr  Ircoi 
and  hushes  tban  Lu  tbojic  spots  which  rccciro  the  direct  raya  of  tho  euu.  This 
i»  proved  b;  SloUoai  t-a  owing  tu  tba  fact,  that  the  rajsemttied  by  thv  heated 
brau'L'hcs  are  of  a  dilfcreat  nnturc  from  the  direct  myi  of  the  eon,  and  man 
cMily  absorbed  by  snow  than  tho  latter. 

647.  AppUcatious  of  the  diathermancy  of  bo  dies.      he  air  ij 

undoubtedly  very  diathcrmanic,  or  elne  the  upper  layers  would  bo  heated 
by  the  solar  rays  passing  through  them,  while  we  know  that  they  are 
only  slightly  lieatcd  by  thta  means. 

In  certain  processes  of  the  arts,  workmen  protect  their  faces  by  % 
glass  mask,  which  allows  the  passage  of  the  light  but  arrests  the  heat 

In  certain  physical  experiments,  where  heat  is  to  be  aToided,  tb« 
light  ii*  first  pasaed  through  a  solution  or  plate  of  alum*  whereby  lh« 
/ieat  w  ari  tsted.  On  the  contrary,  if  the  hejit  is  directed  upon  rock-saU 
covered  with  Inmpblitck,  the  Uffhi  is  arrested  but  the  heat  passes  through 
but  sliglit^y  diminishotl. 

G48.  Refraction  of  heat.^ — Heat,  Uke  light,  is  refracted,  or  bent 
out  of  itH  course,  ia  patssing  obliquely  through  diathemiamc  bodi»,  u 
IB  shown  by  the  burning-glaaa,    A  doable  confes  lens,  fig,  480,  coa- 
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oeQtraiet  Ih6  nj9  of  heat  from  the  bxui,  or  other  heniod  body,  in 
tbo  Mine  manner  as  it  concentrates  tho  raja  of  light.  It  is  00 1 j 
with  a  lesii  of  rock-salt,  that  the  raja 
of  all  our  tourcea  of  heat  can  be  con. 
deo««d,  for  a  ]eoa  of  glaj»a  concentratea  =^ 

only  the  solar  rajs,  and  becomes  itself  

baated  by  aniGcial  heal.  31 

A  Una  cf  tc*  wa*  iBwie  iii  Hnglftik  j  in  

baTiog  it  diameter  of  Z  metnf 
|ia,)i  at  wboic  rocai  guD powder,  paper,  a.nd  * 

^mum  hm¥9  general  I  j  in^re  power  than  mirrors  of  eqaii  diameter.  Both  pro> 
Aa*v  their  jaor«  iDtenee  pAocU  od  high  moantaJna  afler  a  fn]]  nf  9ii'>w,  for  tb«ti 
lh«  «dr  im  fm  ftom  uoblure,  and  tbe  lolar  raji  loie  Ictr  of  tbeir  iataii«it;y'  ia 
|«itifig  tbftiogh  ii, 

649.  PolaHsation  of  heat. — Heat  is  polariicd  in  the  same  manner 
aa  light.  It  undergoes  double  refraction  by  Iceland  $par>  and  the  two 
heaias  Rr«  polariied  in  planes  at  right  angles  to  each  other,  A  pencil 
of  heat,  polarized  by  a  plate  of  touriualitie,  or  by  a  Nieol's  prism,  ia 
transmUtcd  or  intercepted  by  another  tourmuliDO  plate  or  Nicol*a 
pristn^  in  the  mme  circomstances  that  a  pencil  of  polarized  Hght 
vould  be  tranjimitted  or  intercepted, 

tlfo  BalfoTB  a  rvlstioo  of  it4  plirne  of  polnrtxfttiaaj,  by  pUtca  of  right  or 
diid  quartt,  in  the  lame  direction,  and  to  the  smmfl  extent  u  Itgtit  uf  tbo 
relHagibititj.    Palurit^tioa  &f  bent  ia  also  efT&ctcd  bj  reHeelioa  from 
ale»  of  glai«,  or  bj  repeated  refraction,  aJ^o  by  reflociioo  ftom  the  *tmospbero, 
iQ  wbkh  poinu  of  DO  poljLniatioo  and  of  mB-ximum  puIju'isaUoo  exist  car-' 
retpondtag  with  timtlar  poiota  in  regard  to  polarized  light.    The  pbenomcaa 
of  aagaotio  rotary  polariution  of  heat  bsro  also  htfon  observed. 

Prof,  Forb^  of  Edinburgh  first  demonstrated  the  polarization  of  beat. 
Knoblauch  has  obtained  distinct  evidence  of  the  diffraction  and  btei^ 
ferenoe  of  the  rays  of  heat. 

I  Calorlmetrr. 

650,  CalorlmetTj,— The  amount  of  heat  required  to  produce  a  giTen 
tomperature  varies  greatly  for  the  different  bodies  to  which  it  is  applied. 
Cilorlmetry  (from  calor,  heat,  ntid  fUTp*r^,  measure)  ia  tho  measure^ 
ment  of  the  quantity  of  heat  which  different  bodies  absorb  or  emit 
during  a  kjiown  chaoge  of  leiiipcmture,  or  when  they  change  their 
state.  Wtttcr  absorbs  or  emits  a  much  greater  quantity  of  heat  durixig 
a  change  of  temperature  than  the  same  weight  of  any  other  sah#kaoc9. 
it  ia  thi*refore  selected  aa  the  standard  of  comparison^ 

tJait  of  H©at,^Tbe  quantity  of  h<Mit  which  is  required  to  raise 
of  pure  water  from  32°  to  33*  F,,  is  reckoned  m  the  u»ii 
mal  unti,  Ixith  in  this  country  and  in  England. 
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In  France,  and  in  Eorope  generally,  the  thermal  unit  is  the  quantity 
of  hoat  necessary  to  nuse  one  kilogramme  (2*20486  lbs.)  of  water  from 

0**  to  r  C. 

651.  Specific  heat. — If  equal  weights  of  water  and  mercary  at  the 
same  temperature  be  placed  over  the  same  source  of  heat,  it  will  be 
found,  that  the  mercury  becomes  heated  much  more  quickly  than  the 
water.  That  when  the  water  is  heated  ICP  the  mercury  will  have 
become  heated  330° ;  the  capacity  of  water  for  heat  is,  tiierefore,  33 
times  as  great  as  that  of  mercury.  Each  substance  in  this  regard  has 
its  own  capacity  for  heat.  This  relation  is  called  calorie  capaeUjft  or 
more  commonly,  specific  heai.  Table  XI.  contains  the  specific  heats  of 
certain  solids  and  liquids  as  determined  by  Regnault. 

Three  methods  have  been  devised  for  determining  the  specific  heat 
of  bodies :  these  are,  1st,  the  method  of  mixture ;  2d,  by  the  melting  of 
ice ;  3d,  by  cooling. 

Method  of  Miztnre.— This  method  is  exceedingly  simple  in  theory, 
and,  with  suitable  care,  exact  in  its  results. 

In  doterminiag  the  specifio  heat  of  solids  hj  this  method,  a  weighed  mass  of 
each  sabstance  is  heated  to  the  proper  degree,  and  is  then  planged  into  »  mea- 
sure of  water  of  known  temperature  and  weight  The  eleraUon  of  temperatoro 
produced  in  each  case  is  carefully  noted. 

If  a  pint  of  water  at  150°  be  mixed  quickly  with  a  pint  at  50*>  F.,  the  two 
mcasareii  of  water  will  have  a  temperature  of  100°,  or  the  arithmetical  mean  of 
the  two  temperatures  before  mixture.  If,  however,  a  measure  of  mercury  at  50° 
be  mingled  with  an  equal  measure  of  water  at  150°,  the  temperature  of  the 
mixture  will  be  118^.  The  mercury  has  gained  63°  while  the  water  has  lost 
32°.  Ilcnce  it  is  inferred,  that  the  same  quantity  of  heat  will  raise  the  tempera- 
ture of  mercury  through  twice  as  many  degrees  as  that  of  an  equal  volume  of 
water,  and  that  the  specific  heat  of  water  is  to  that  of  mercury  as  1  :  0'47  when 
compared  by  measure. 

If,  however,  equal  weights  of  these  bodies  be  taken,  the  resulting  temperature 
is  then  still  more  in  contrast.  A  pound  of  mercury  at  40°,  mixed  with  a  pound 
of  water  at  156°,  produces  a  mixture  whose  temperature  is  152°-8.  The  water 
loses  3°-7,  while  the  mercury  gains  112°-3,  and  therefore,  taking  the  specifie 
heat  of  water  as  1,  that  of  the  mercury  will  be  0-033,  since, 

112°-3  :  3°'7  =  1  :  x  =  (0  033.) 
Method  by  Fusion  of  Ice. — This  method  is  founded  on  the  quan- 
tity  of  ice  melted  by  different  bodies  in  cooling  through  the  same  number 
of  degrees. 

Lavoisier  and  Laplace  contrived  the  apparatus,  fig.  481,  used  for  this  purpose, 
and  called  a  calorimeter.  It  consists  of  three  vessels  made  of  sheet  tin  or 
copper.  In  the  interior  vessel,  c,  pierced  with  holes  and  closed  by  a  double 
cover,  is  placed  the  substance  whose  specific  heat  is  to  be  determinwL  This  is 
entirely  surrounded  by  ice  contained  in  the  second  vessel,  b,  and  also  on  the 
cover.  In  order  to  cut  off  the  heat  of  the  surrounding  air,  the  exterior  vmmI,  a, 
is  also  filled  with  ioe.  The  water  from  the  lee  melted  in  this  outer  reiMl,  paiMf 
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tilthy  t!ie  itop-etKitk,  r.  Tlio  body  in  th*  interior  ?*a»e|,  cooling',  nelts  the  ie* 
«iim»U[idiojf  it,  anil  Ui«  waUr  frutn  it  flows  off  tLrougb  ihn  stop-cock,     cuid  U 

481 

The  tiieeilte  heitf  of  dif?r«at  fiubstaticei  b  deter  allied 

VBlvr  pro4ti<H)d  during  Ihe  exf^ennient;; ;  in  trbiuU  & 
Cvniiia  vrwl^bl  of  eaeb  hody  eoola  from  ua  agreed 
Iiai|ieritur«*  jr,  (312°  F.^,  ta  32^  lbs  eoaatant  tern- 
|i«r»taf«>  nf  the  vos4«l 

Tkv  fp^inilc  beat  of  a  liquid  i«  di?t«raiiti«d  placing 
i»  in  A  ros»i*i,  of  gliLsi,  wboao  specifie  bent  h  known. 
The  smttnnr.  of  ico  weltfld  hj  tbe  liquid,  is  the  nbble 
quauUtf  of  itatvr  prodtntrcd,  tiij,bu«  ibut  wbicb  would 
be  tnelled  hj  the  glaan  alone. 

Tbii  Bietbod,  thmtgh  exccilctlt  in  prioolpte,  il  tubjeel 
Id  manj  mAe<!Urticlcs>  and  h  now  seldDm  employed, 

Tbe  mfitliod  of  cooling  ta  fautided  on  ihe  different  raiea  of  cooling 
of  equal  mamea  dtfierent  substaoces  j  those  liaviog  the  greatest  spccLfic 
beat  oootitig  mmt  sluvrly* 

The  application  uf  ihis  mf»thod  h  also  ntteiided  with  ao  mttnj  sourcea 
of  error  that  il  ts  seldom  employed,  atid  need  not  be  described, 

Specific  beat  a£fected  by  change  of  atate.—A  body  in  tbe  liquid 
llftto  baa  a  greater  ^iiveific;  be«|  tbttn  when  it  is  in  tbc  a  olid  farto,  ilb  might  ho 
wnC'llld«d  from  tbo  futit  that  the  addition  of  heal  is  necessary  io  convert  iho 
Mild  into  a  l»|uid. 

Thm  ke  hag  a  tpeclfle  btatof  0-505,  wator  being  l-ftOO;  «alpbur  tioUd,  0'20£d, 
ittid^  0<2^0  ;  photpbonix,  between  45°  and  — e**,  0-1837,  it  212^  0'2«45.  &c. 

The  high  specific  heat  of  water  moderate*  very  greatly  tlie  rapidity 
af  natural  traQAitions  frojn  heat  to  cold  imd  from  cold  to  hetit«  owiiig  to 
the  large  quantity  of  heat  emitted  or  absorbed  by  the  oceaiVi  nnd  other 
Iwdies  of  water,  in  accommodating  themaclTeu  to  vuriations  iii  external 
tetnperaturc. 

652,  Specific  heat  of  gasea. — If  a  unit  of  weight  of  any  gaB^ 
allowed  to  expftdd  freely  without  ehange  of  pres^itire,  h  heated  from 
the  freezing  poini  one  degree,  the  amount  of  heat  thus  absorbed,  mea^ 
attred  m  fmctions  of  the  unit,  is  called  the  »peeijtc  heat  under  cottaiant 
presturt.  If  the  same  gaa  is  heated  one  de^ee,  when  so  confined  that 
its  ToluRie  cannot  be  increased,  the  amount  of  heat  reciutrcd  to  produce 
the  change  of  tcmperatiire  is  cttlled  the  sp^eijic  hmi  wider  a  constard 
volume. 

When  the  heat  required  to  raise  the  tempernture  of  equal  Tolumca 
of  difi'crcnt  goaea  one  degree,  is  detertnined,  the  reauUa  obtained  are 
called  Mpea/ic  heui  btf  volume.  In  these  determinations  the  unit  of 
Toltinte  is  the  volutne  of  a  unit  of  weight  of  air  when  the  barometric 
preiBDfQ  la  30  inchea. 
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The  itfterminfttion  of  the  speeifie  he«t  of  gaiet  ii  »  proUem  iavolTod  ia 
tho  greatest  pracUcel  difBeolties,  and  sathoritiee  rmej  lomewliat  in  the  nnlti 
obtained. 

The  most  raluable  researches  in  regard  to  the  specific  heat  of  gases 
have  been  made  by  Regnaolt.  He  has  established  the  following  Teiy 
important  preliminary  principles : — 

First  The  specific  heat  of  gates  is  sensibty  the  same  at  aU  tempera- 
tures. 

Second.  The  amount  of  heal  required  to  raise  the  temperature  of  a 
given  weight  of  any  gas  one  degree  does  not  vary  with  the  pressure  to 
which  U  is  subjected,  and  hence  the  speeifie  heat  of  gases  is  the  same  for 
all  densities. 

Begnaalt  experimented  on  air  and  other  gases  under  prestnret  raried  tnm 
one  to  ten  atmospheres,  and  found  no  sensible  difference  in  the  quantity  of  heat 
which  the  same  weight  of  a  gas  lost  under  these  different  pressures  in  eooling 
the  same  number  of  degrees.  Nerertheless  he  thinks  it  possible  that  slight  dif- 
ferences may  exist 

Table  XI.  c.  gires  the  specific  heats  of  different  gases  and  rapors  as  determined 
by  Regnault  The  specific  heat  by  weight  being  determined  under  a  constant 
pressure,  the  gas  being  allowed  to  expand  freely. 

The  specific  heats  by  rolume  given  in  the  table  were  obtained  by  multiplying 
the  specific  heat  by  weight  by  the  specific  gravity  of  the  several  gases  and 
vm>or8,  as  compared  with  air  taken  as  unity. 

653.  Specific  heat  of  gases  under  a  constant  volome. — It  is 
well  known  that  the  temperature  of  a  confined  mass,  of  air  can  be 
raised  sufficiently  high  to  ignite  tinder  by  mechauical  condensation, 
2  739,  and  it  seems  reasonable  to  suppose  that  the  same  amount  of  heat 
is  expended  in  producing  an  equal  degree  of  expansion  when  a  gas  is 
heated. 

It  has  been  stated  (608)  that  gases  expand  part  of  their  volume  for  an 
elevation  of  temperature  of  1°  F.  Let  t  represent  the  small  increase  of  tempe- 
rature which  a  mass  of  gas  undergoes  when  compressed  of  its  volume,  and 
if  S  represent  the  specific  heat  of  the  gas  under  a  constant  pressure,  and  the 
specific  heat  under  a  constant  volume,  we  shall  have  for  the  specific  heat  under 

S 

a  constant  volume : —  S'  =  • 

1  +  < 

It  is  obvious  that  if  the  value  of  t  could  be  determined  by  condensing  a  gas, 
and  observing  the  increase  of  temperature  the  value  of  S',  the  specific  heat 
under  a  constant  volume  could  be  readily  calculated.  The  unavoidable  loss  of 
heat  absorbed  by  the  walls  of  the  containing  vessel,  when  a  gas  is  compressed, 
has  rendered  it  hitherto  impossible  to  obtain  accurate  values  of  (  by  this  method, 
and  similar  difficulties  have  attended  the  determination  of  the  specific  heat  under 
a  constant  volume  by  other  direct  methods. 

The  principles  of  acoustics  have  happily  furnished  an  indirect  method 
of  determining  the  specific  heat  of  gases  under  a  constant  yolome  with 
great  accuracy. 
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Speeidc  lieat  detennioed  by  the  lawa  of  aooufltioB. — By  c<^ii- 
lidering  the  cooditions  of  an  elastic  fluid  duri&g  the  transmisiion  of  a 
iDQoroua  waTe,  Newton  obtamed  the  fuUowbg  furmuU  for  tUe  vcio' 


city  of  BOttnd  in  any  gfts : 


In  this  formula  T  U  the  Telocity  of  sound,  g  the  force  of  gmvUyt  B 
the  height  of  the  barometer,  and  d  the  decsity  of  the  gas  referred  to 
mercury  a*  unity.  This  formula  gites  for  the  velocity  of  sound  In  dry 
air  at  32*  when  the  barometer  stands  at  30  inches,  S83  feet, 
which  b  less  thn.n  the  true  velocity  of  Mund  (lOSiS  feet,  |  344)  by  more 
than  one-«ixth  of  the  whole. 

Laplofie  ^fooirered  that  this  err^jr  resulted  from  the  efiect  of  heat 
de?eloped  mnd  absorbed  by  alternate  compreasion  and  rarefaction  of 
the  air  in  the  transmiBsioD  of  Bf>norous  waves,  and  he  showed  that  the 
formiilafor  the  \  clocity  of  aound,  taking  into  account  this  effect  of  heat. 


should  be, 


„     /    if  i'  : 


m  which  8  represent!  the  specific  heat; 


of  the  gas  under  a  conitant  preasure,  and  B'  the  specific  heat  under  a 
csonstant  Tolume. 

From  this  formula  wo  obtain,  by  transpoattion,  S'  =  -^^,from  which 

w&  readily  obtain  the  value  of  the  specific  heat  of  a  gas  under  a  con- 
fttant  volume,  when  the  velocity  of  sound  in  the  medium,  and  the  othcir 
coDStant  quantities,  are  known. 

By  this  method  D along  haa  obtained  for  the  specific  heat  of  guei, 
nnder  a  constant  volume,  the  values  given  in  the  fuHlowing  table ;  bat 
the  results  (obtained  are  regarded  only  as  approximationa : — 

EFSCTFIC  UEAT  OF  ZqPAL,  TOLtJlCES.^ 


KUH  of  Ou. 

^Ddcr  OtnwtMil 

1  +  t 

Air,  .   .    ,    .  * 

o-msf 

Ozjgea,    .    ,  . 

0-2412 

0*1705 

0*0707 

1^419 

HfdtO£«af     .  . 

0-1675 

vm 

Ojiyd  of  csrhoti, 

0-2300 

dim 

0-0716 

im 

Carbotiie  BciJj  . 

9-m& 

0  2n2 

oosso 

0'0«93 

1-240 

Comparing  thete  rcautts  in  the  case  of  air,  we  $«e  that  wb^o  air  is  heated 
in  a  situation  where  it  is  free  to  expand,  only  about  4  of  the  heat  applied 
is  expended  in  producing  elevation  of  teinperatur&— as  in  heating  a 


*  Coake't  Chemical  Phytic*. 

f  Corr«ctod  acc^rdiitg  to  the  nifrit  re««nt  eiptrixQcnti, 
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room—while  aboat  f  of  the  heat  U  expended  in  |irodaeing  ezpenm 
of  the  ftir,  to  be  given  ont  again  as  the  room  cools. 

Dolong  has  dedaced  from  his  experiments  the  following  ooncla- 
«ions : — 

1.  Equal  tcluTBU*  of  all  gatesy  measured  at  the  same  temperature  and 
pressure,  set  free  or  absorb  the  same  quaniUy  of  heat  tchen  they  art  oomr 
pressed  or  expanded  the  same  fractional  pari  of  their  volume. 

If  all  gases  had  the  same  spedfie  heat,  the  same  change  of  Tolame 
would  be  attended  by  the  same  change  of  temperature.  But  tlus  is 
the  case  only  with  oxygen,  hydrogen,  and  nitrogen.  The  specific  heats 
of  compound  gases  differ  considerably  from  each  other,  and  change  of 
Tolume  causes  less  change  of  temperature  in  proportion  as  the  specifie 
heat  of  the  gas  is  greater. 

2.  The  variations  of  temperature  vhieh  result,  are  in  the  inverse  ratio 
of  the  specifie  heats  under  a  constant  volume. 

Whether  these  laws  are  the  exact  expressions  of  the  truth,  or  only 
approximately  correct,  remains  to  be  determined  by  further  inrestigsr 
tion. 

654.  Relation  between  the  specific  heat  and  atomic  weight  of 
elements  and  compounds. — Dulong  and  Petit,  from  their  researches 
upon  the  elements,  were  led  to  conclude,  that  the  ultimate  atoms  of  ail 
elements  possessed  the  same  capacity  for  heat,  and  they  accordingly 
announced  the  law,  that : — 

The  specific  heat  of  elementary  substances  is  in  inverse  ratio  to  their 
atomic  weights. 

This  law  appears  to  be  trno  for  most  of  the  eleraciit9,  as  will  l>e  seen  by 
examiniDg  Table  XI.  or  Atomic  Weigbts  and  Specific  Heats.  It  will  bo  no- 
ticed, that  the  odc  increases  in  almost  the  exact  proportion  in  which  the  other 
diminishes,  and  that  by  multiplying  them  together,  a  rery  nearly  constant  pro- 
duct is  obtained.  Some  elements,  as  those  given  in  the  lower  part  of  the  table, 
gire  a  product  ((7  X  ^)  double  of  the  others.  So  that  equivalent  weights  of 
these  would  contain  twice  as  much  heat  as  equivalent  weights  of  thoso  first 
given. 

The  relation  between  the  specific  heat  and  atomic  weight  of  compounds  is 
expressed  by  Kcgnault  in  the  following  law  : — 

In  all  compound  bodies  containing  the  same  number  of  atoms,  and  of 
similar  chemical  constitution,  the  specifc  heats  are  in  inverse  ratio  to 
their  atomic  weights. 

2  7.  Liquefaction  and  Solidification. 

653.  Latent  heat. — During  the  conversion  of  a  solid  into  a  liquid, 
or  of  a  liquid  into  a  gas  or  vapor,  a  certain  quantity  of  heat  is  absorbed 
or  disappears.  As  the  thermometer  and  the  senses  give  no  ovidenco 
of  the  existence  of  this  heat,  it  is  called  latent  heat. 

Let  a  pound  of  ice  and  a  pound  of  water,  each  at  the  temperature  of  32°,  bo 


tlEAT. 


453 


tS^wd  lo  the  iMiio  source  of  heat  in  preciielj  ibntla]-  reaivlff;  U  will  b« 
fintsd,  ml  the  tnomciit  whca  tXl  tbo  bo  x*  mulloU,  that  thn  kMct  Intu  which  it  is 
coarerled  hiu  #till  the  tcmpemUro  uf  33*;  while  the  tcmperftturo  of  llw  other 
poiiM  of  W4ter  has  Htea  Trom  SS""  to  174''*  As  both  have  received  tlio  tamo 
kmodtxt  of  beat,  it  followfl,  that  the  142°  which  have  di^ajip cared ^  htiva  bt<(iii  astjtl 
in  eoDvurtiDg  the  ice  inta  wiLt«r,  fttid  liAira  h«<!ume  lal^ut  or  iti^oiHible. 

If  a  pound  of  irat«r  at  212*^  bo  inixcd  witb  a  pound  of  pQwitorod  iro  at  .12"^, 
irfa«!ti  the  ieu  ij  meltod  the  two  poundj  will  hare  tho  tcmperaturo  of  mly  h2'^; 
th*  i««  gttiDi  only  20',  whUe  thu  wat«r  lo***  16(^'.  Hew  a^iuci  142°  bare  dia- 
aftpMired  or  hare  hoeomo  latent. 

65G.  Ltq^eCaction  aod  congelatioii  are  always  gradual,  owmg 
to  tlic  absorption  or  evolution  of  Ijettt  Juritig  these  proeesaes. 

If  thit  urn*  ti9t  RQ,  water  at  32^  would  tmmediabelj  bijcoine  ids,  upan  losing 
the  *ina!le9t  addiitionni  portitm  of  its  hieatf  aad  on  the  other  band,  |e«  would 
iuddentj  pais  from  tbe  ^oltd  to  tb«  liquid  etate  bj  the  dttmlluM  iMldiiif>ti  of  bvat. 

Thit  faet,  caapled  wUh  the  law  of  irregrBlu-  expjmaion  of  water,  will  «;i:plaiD 
why  ice  tierer  arquires  anr  rerf  grcAl  tbicknoia,  Tbo  higb  spocifiio  heat  of 
Wmt^r  act*  U)  mod<iral«  tho  aatural  eh«j]gos  of  t«mperatarca. 

Gd7.  Freeing  muEttues. — Solids  cftnaot  pasa  iato  the  liquid  state 
without  aliAarbiDg  and  i-endcring  latent,  a  certaia  nmount  of  heat.  If 
tho  heat  neeessary  for  tho  Hqupfaetioii  h  notaupplicd!  from  mme  e^lcroal 
•ouroe,  the  body  lit^uefyiag  will  ahsorU  Its  own  sensible  beat,  A  know- 
ledge of  tbU  fuct  enubka  at  pleasure*  in  the  hottest  geaaon^  and 
clitnntes,  to  i>n)duce  extreme  dc^ees  of  cold. 

The  »o-CttUed^/rie«i"nj  mixtures  arc  iMnnpounds  of  two  or  more  sub- 
BtAnow,  one  of  which  is  a  solid.  These ^  when  mixed  together,  enter 
intu  combinatloa  and  liquefy,  Tho  operutioQ  nhould  be  m  conducted, 
Ihttt  uo  heat  can  be  absorbed  frum  external  sources,  and  hence,  aa  the 
mbAtatieea  Hquefj,  a  dcpreasbn  of  temperature  results  proportioDal  to 
the  beftt  rendered  latent.    (See  Table  XII.) 

The  motl  conronicnt  tnotiag  ntixtaro  is  tvlt  1  part,  and  ic*  or  enow  2  parti, 
Universalij  Diicd  in  tho  firo«tlng  of  ices  and  creams.  With  ifai«  froeiidg  tniitare, 
•  tenifwfMiire  of  4°  or  btilow  mtts  aim  be  maintained  for  maoj'  hoars.  A 
iohitioa  uf  uqnaJ  parti  of  uUre  and  fl8l-amino»i»*  will  rtdueo  tbo  temperature 
from  fiO*  to  lU*  F.  Very  well  eonstmctcd  iee-preara  frceicrs  n^n  nuw  crjinroiinljp 
•old  lo  Ui«  shops,  in  which  an  adroit  use  baa  l>frun  made  of  tha  I»w8  of  radiitnt 
heat  and  coadueiion,  to  fjutlilAt^  the  rapiditj  of  this  oporatino, 

Tbitori«r,  with  a  mixturo  of  folid  cftrbook  xustd  and  sulphuric  ^i^i,  or  tulpbario 
ether,  obt&iaed  a  tern  per  ikture  120**  below  Kom.  More  lately,  Mitchell  obtained  hf 
the  same  meaDit  a  temperatiiro  of — 130*  and  — Uft^F.  At  th«  furmer  tuiufMirfttpre, 
■leohol  (Sp.  Gt.  M9$)  bad  tbo  votitisteucj  of  ml,  and  at  tho  latter  temperatiir* 
reeembkd  laoUiog  wax. 

Id  the  Hqnefeeiion  of  motaltio  alloji,  a  similar  deprestion  U  a1>t«irtod.  Wheq 
an  •lloj  enmposed  of  207  p&rtj  toad,  1!S  tin  atid  234  bismuth,  is  diftaotTcd  ia 
1617  pMTtM  npcri'ory,  the  btinperature  wUl  sink  [torn  03*^  to  14°  Ft 

lb  produciof  extrcmo  degree*  of  cold,  ibe  iubttaoce  to  be  operated  upon  iii 
ftrsfe  cooled  to  a  orrtain  def m  hy  m  kaa  powerful  freezing:  mixture,  before  the 
*iior»  energetic  one  it  uaed;  iba  full  eOect  of  the  latter  ii  Ihuf  obtsiaed. 
41 
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658.  Laws  of  fusion  and  latent  heat  of  fusion. — Expansion  (the 
first  effect  of  heat)  has  a  limit,  at  which  solids  become  liquids.  The 
powers  of  cohesion  are  then  subordinate  to  those  of  repulsion,  and 
fusion  results. 

Fusion  takes  place  in  accordance  with  the  following  laws : — 

1st.  All  solids  enter  into  fusion  at  a  certain  iempcraturef  intariabie 

for  the  same  substance. 
2d.  Whatever  may  he  the  intensity  of  the  source  of  heat  when  the 

fusion  commences,  the  temperature  remains  constant  until  tJic  whole  mass 

is  fused, 

3d.  The  latent  Jieat  of  fusion  is  obtained  by  midtiplying  the  differ^ 
ence  between  the  specific  heat  of  the  substance  in  its  liquid  and  solid  form, 
by  the  quantity  obtained  by  adding  the  number  256  [an  expcrimcidal  eon- 
slant  furnished  by  researcJies  upon  the  latent  heat  of  toater)  to  t/ie  meltinj 
point  of  the  substance  in  question. 

The  fusion  points  and  latent  heat  of  fusion  of  a  number  of  the  more 
important  substances  are  given  in  Table  XV.  of  the  Appendix,  drawn 
from  the  labors  of  llegnault  and  others. 

659.  Peculiarities  in  the  fusion  of  certain  solids. — Certain 
Eolids  soften  before  they  become  liquefied ;  such  are  tallow,  wax,  and 
butter,  while  others  never  become  entirely  fluid.  This  is  because  the 
former  are  composed  of  several  substances,  which  melt  at  different  tem- 
peratures. Metals,  like  iron  and  platinum,  that  are  capable  of  welding, 
soften  before  they  fuse.  Glass,  and  certain  metals,  never  attain  perfect 
fluidity.  The  fusion  of  sulphur  presents  striking  peculiarities.  (See 
Chemistry.) 

6G0.  Refractory  bodies. — Substances  difficult  of  fusion  are  called 
refractory  bodies. 

Among  tho  most  refractory  bodies  aro  silica,  the  metallic  oxyds,  limo,  baryta, 
alumina,  Ac.  Their  fusion  may  bo  effected  by  the  oxy-hydropcn  blow-pipc,  or 
by  tbo  use  of  tho  voltaic  battery.  liy  thcso  mcann,  also,  tho  fusion  of  platinum 
is  effected,  vrhich  resists  tbo  heat  of  a  powerful  blast-furnace,  although  a  thin 
wire  of  this  metal  can  be  melted  by  tbo  moutb  blow-pipc. 

Carbon  is  tbo  most  refractory  of  all  bodies.  Its  fusion  has  not  yet  been  per- 
fectly  effected;  although,  by  means  of  tho  voltaic  battery,  Professor  Silliman 
obtained  (in  1S22)  unequivocal  evidences  of  tho  volatility  and  partial  fusion  of 
this  substance :  and  more  lately  these  results  have  been  verified  by  Despretz, 
with  a  carbon  battery  of  COO  cups ;  borou  and  silicon  alio  yielding  to  tho  samo 
power. 

601.  Solution. — Saturation. — "When  a  solid  immersed  in  a  liquid 
gradually  disappears,  the  process  is  termed  solution.  Thus,  sugar  and 
salt  dissolve  in  water,  camphor  in  alcohol,  &c.  Solution  is  the  result 
of  an  attraction  existing  between  the  particles  of  a  liquid  and  those 
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m  QoIUL  A  liquid  la  eaul  to  be  saturated  when,  at  el  given  lempemtiir^, 
it  liaa  dissolved  as  roucli  as  passible  of  a  solid* 

!rbe  ramipa  trfakh  dimltiuli  cobunon  among  ibo  pArLicIcf  of  a  solldj,  ^ii«nU]j 
Ute  jfcihtlion,  TUut,  ft  pulFtrued  body  dU*olvej  quiekor  tlmu  iho  tntM 
tttj  tci  Urv;e  mofsea.  Uvat  also  faeitit^tcs  doluticiii  bj  liimlnidhing  Ihg 
««hestio  furrt*  ami  prmlucmg  uurrcoLa.  The  «olBbIlkj  of  sonio  buctiea  is  dioun- 
LfbcKl  by  liEHt,  ikD4  liio  pr«ei|^iUalIua  of  bodicii  from  eolntidn  is  Bontctimua 
Wuiacd  bj  bcai,— iulfibiito  of  sada  s«tl  hydrAtd  luntt  are  «xa!&plci  of  tho 
ronocr. 

062.  Laws  of  soLidificatlon. — ^Tho  pasgago  of  a  bodj  from  the 
liquid  ttj  liiu  solid  slalpj  always  oceurs  in  accordance  with  tlie  fjllowing 
laws : — 

l»t.  T/te  soli JiJ^cat ion  *yfa  b&d*f  takes  p! ace  at  a  ceriamjixcd  t^mpera^ 
turt,  whkh  U  aim  that  of  iisfuaion. 

24.  Tfte  tanpcraturc  of  u  bodij  rcmaim  emulani  from  the  commtnce' 
ment  /o  thf.  end  of  its  solid iftcaUon. 

Elevation  of  temperatuie  during  aolldiOoation,— WhcQ 
tiiluHl^  return  tu  the  solid  state,  the  heat  which  has  bcca  absorlxMl 
doTiJig  tlieir  Uqucfacliao,  and  rendered  Itttent*  is  given  out. 

iribe  soli di Seat iott  tnkus  pliwd  iuddctiljr,  tbu  beat  evolved  i«  often  very  appa- 
rent. TliMa  water  maj  bo  cooled  to  12°  or  23^,  juid  j^i  remain  liquid,  but  if  in 
Bl^  cUto  it  i4  shaken^  it  becomes  at  onee  «  uonfujied  mass  of  ice  crjatal;*,  und 
to  Ik'l^t  tbe  frecziti;?  of  a  part  giving  oat  bent  caougb  to  rittie  the  tcmp«ra- 
of  tbe  wbulc  or  l^'^.  TUuH  wu  arrive  at  tb&  eticmtDg  paradox,  tbal  frt^ciiog 
is  a  wnrmif)^  proci>«0  ;  and,  owui^  to  tht^  absorption  &f  beat  during  liitdcfiu^liajn, 
il  it  ctjuaUj  true,  Ihjit  melting  ii*  d  dO"riliiig  pruce**,  Ilenee,  in  port,  %ho  {soulltig 
Ctidiieace  of  aa  iecbe-rgj  or  of  a  large  body  of  f.vmw      a  didtaat  moQDiain^ 

C04,  Cbange  of  Toluma  dming  solidification,  and  its  effects. — 

Mcrcurj,  and  inosl  uictals,  contract  while  sulidifjing;  hence,  the  freeiS' 
ing  of  tk  mere u rial  therniometcr  doca  not  burst  its  rcserroir.  Water 
expands  iluring  frcozin^  to  the  amount  of  one-eloTcnth  of  its  bulk; 
hen[?e,  ice  floats  on  the  s^urface  of  water,  and  close  Tcssels,  even  of  iron, 
are  burst,  if  frozcti  whca  full  of  water. 

Tbia  fmri  it  fttuiiliar  to  bausttkifcpcr!!*  wbo  prcvcat  Ibo  bnrBllng  of  tbt'lr  wnter* 
«wks  duriag  ii)nt<.>r,  hj  a  ultk  of  wood  pliicod  in  t1}o  wk,  about  vrbiL^b  tbo 
InUgo  from  e^&npi<m  tiikv$  plac^e.  Aqueduct  itLTvi«fl-ptp«B  am  often  aavod  frnm 
ibfl  aavifl  a<^cideal  ia  fvXA  wvtitli^r,  bf  itlluwitig  ihc  WAtor  lo  flow aaintorrop ted ly, 
tbui  prevcuiic^g  tllQ  fbrinati«a  of  ie«  crjet^lsi  botb  by  motiaa  nod  the  inpply 
of  varmrr  water. 

A  bran  g!ol*o  It  Had  tritb  wfttoF  burst  at  32*  in  th«  cxpcrimcnti  of  tbo  Flu-. 
rvnrin«^,\vAdca!iioiani,  wbo  ^ftimiM  the  f<inf>c  «x«rt»d  ii  eqaat  to  2^,000  ponndi 
oti  lbf<i  irquwriT  inrb.  A  Wmb-(tticl1,  filk<l  witb  water,  and  tightly  doted  by  an 
iron  plug»  wUea  citpoaed  Lo  »evcro  <?oI4  in  Montreal,  diaeharged  tbe  plug  U»  a 
dtitoure  of  100  {vi\,  and  ■  cylinder  of  ice  eigbt  incheA  tn  longtb  protruded  from 
tbo  hok.  All  ni<-i!i>lgt  wKicb,  likti  wtitur,  lustiuiQ  tbc  rbombobo^lral  fona.  od 
•folldlfieatioiu  jiruducu  «-liftr|"  ciLsia.  8m-b  ftm  eMi-iroOj  fttitiiuciny,  tin,  »iae,  on^ 
fatimuth.    All  alloyi  cupaUo  of  prodacltig  sharp  ca-s Ls,  oiuat  contain  lueb  « 
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mcLid.  Tjpe-mctiLl  (3  lobd  aad  1  autimoiij),  hnus  {2  copper  and  1  Eiar)^ 
boU-mi^tfti  (7  copper  and  3  tin),  ara  f&mUmr  exunplei^  Coppert  lc«d 
eitrcr,  Aod  indeed  taovl  mot&h,  except  thoM  abore  cmuoerat^d,  er7ft«llisi 
Ibo  monoinQtrk  syiU^m,  and  occupy  1cm  apftc«  a«  solids  thiio  a«  prodttciog 
imperfect  4?8Jts.  Ilcntc,  corns  are  stamped,  and  gold,  silTer,  and  copper  ut«lifili, 
litid  ornamental  narci  ora  wrougbt  the  hammer,  or  tlaniftcd,  to  fecur*  abarp- 
oui  And  beauty. 

G05,  FieeBiug  of  water.— Water  ordinarily  freezes  at  32°;  bat  il 
baa  already  lieea  stated  (663)  ihat,  under  certain  clrc  urn  stances,  il 
may  be  cooled  near  to  22°,  and  remain  liquid.  If,  however,  waier  id 
turbid,  or  con t aids  carbonic  acid,  it  always  freezes  at  62^. 

Certain  cxperimenta  mikd«  in  Frajice  indicate  that  the  tcmp«rature  to  trbirk 
w»t«r  may  bo  qjcponcd  'witbout  freesing,  fall*  in  proportion  it  it  fXpoiMd.  In 
tubes  Cif  Buialler  diametflr.  Tbis  remarkable  circaniManco  fcemfi  lu  throw  Ught 
upon  tho  fact,  tbat  planu,  wbojio  capillaries  are  full  of  juices,  reiial  frott  in 
mauqer  bo  amiecable  b«  mauy  of  tbetn  do.  Jferertbeles*,  in  rtry  screre  weatbcff 
tbe  trunk  a  nf  Larg«  treea  are  Hg  metintca  burist  open  bj  frosL 

Water,  containing  satti  in  tolution,  frecsc?  at  a  l(»wor  tcm  parol  it  rt  ihxtk  poM 
water,  Tijiis,  (ea  water  freeaufl  at  2*°,  The  ice  formed  from  »aU  w»te^  m4 
from  impure  or  tiirbid  water,  is  eatuparntivclj  fre*b  and  pore,  eiocc  h  ii  UiA 
water  which  froeKCP,  a»d  not  ibe  foreigti  bodies  it  centaintf.  Frotcn  ink.  and 
other  colored  fluids,  precipitate  tbe  coloring  inatl«r,  and  aro  spoiled  m  C'nlf;i<r», 
until,  bj  boil] an:,  tbe  precipitate  ii  again  difl'uited^  Likewfie,  the  watery  portii^a 
of  cider,  and  oiLer  weak  alcoboHc  liqnorff,.  oxposcd  to  in4>derat«  cold,  congcali  | 
and  tbe  oleohoUe  pMt  tnAy  ibiiA  be  obtained  in  a  more  oond^sntied  ital«. 

Borne  absi^rbent  ro<eki  am  pulverixet],  and  gradually  covered  by  a  thick  bed 
of  iiitil,  by  th@  efl^&ct0  of  fr«<»Z]iig  water  ia  breaking  down  th<rir  tolid  maji.  Tbe 
value  of  building -a tones,  in  nur  c1tmat<3,  depends  much  upon  tbv  reiiatsDcv  thjpr 
offer  to  tbe  aclioo  frost  In  hot  climates  tbe  effect  lii  not  Bc«n,.  a&d  tbe  era^i 
and  summits  of  monntaina  are  tbena  gcocrally  more  sharp.  KxpcTimeiait*  lo 
determine  tbe  ro«L«tatic«  of  rocks  tn  frojit,  utts  m&da  by  ialuratta^  eub«t  of  tbt 
rpnteriol  with  water,  and  rcpeaUsdly  freezing  tbem.  But  the  anmo  result  it  mora 
conTenicntly  obtained  by  uiing'  a  solution  of  eulpbate  of  soda.  This  »al(>  ^TJ9^ 
tallisiing  on  f^xposure  to  the  air,  efliectB  tbe  aaiae  resnita. 

C66,  Absolute  sero.— Sioce  the  permaneDt  gasea  contract  of 

their  rolumo  at  32^^  for  each  degree  of  Fahrenheit  helaw  that  point  (or 
expand  that  quantity  for  each  like  Increment  of  heat  abore  32°),  it  has 
been  inferred  by  Clement  and  Dfisornjes  that,  at  the  temperature  of 
— 459'*  F.  they  would  cease  to  exist  £w  gasee,  since  the  amount  of  eoo- 
traction  would  th^n  be  equal  to  tbclr  iuitial  volume.  Likewise,  «laee 
tbe  Viilitme  of  a  gaa  is  doubled  by  beating  from  32°  to  523°,  th<?y  further 
inferred  that  tlie  quantity  of  heat  added  must  be  cquftl  to  that  held  bj 
the  initial  volume,  and  that  at  — 459"  F.  there  muat  be  an  absolute  itero. 

I  8.  Vaporisation  and  CondenBatioo* 
(>G7,  Vaporisation, — Liquids  become  vDptir&  upon  receiving  a  cer- 
tain quantity  of  heat,    Tbu«,  waiter  at  21*1°  h  rapitily  converted  Into 
■teaiUt  wbich,  at  or  above  tlmt  temperature,  remains  na  an  invleiblo 
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in  clmngo  of  state  prea«iiU  Bom©  of  tbc  mmi  interostrng  aod 
i  pbcnoiiiena  of  physiiia. 

Mtnpott%ti'*n  iivi-yxti  onJy  ui  the  surface  of  littuidf,  qiiivUy,  as  in  tbo  insonsiblo 
e&iiDg««  of  irntcr  to  T^fhcit  ia  so  «pcu  vesit;!.  IioUingt  at  chuthlt'aaf  Is  tlm  rapid 
fl«nii«tinn  of  irAjior  thrvugUuul  tlio  Hfbuk'  mii»f  of  produelo;;  morts  ur  less 

•l^italiun.  SnUimn*{i»H  is  ttio  «baii];c  cff  tclitb  to  va|>(?rs  vrithoiit  Iho  iotormo> 
4iit«  lif|ui«l  (^oacliitva.  AtteaiCt  iudluo,  imil  caiuphor  arc  cx.&iii|ilt!i  of  Bolidi 
whleb  ISA/  bu  cliugud. 

The  rcmarkaUo  disflppcarnnco  of  ncarlj  one  thouBntid  degrees  of 
Kea^l  ^hco  water  is  turned  Into  etoum  (and  currespondiogly  for  otht^r 
yciW  Le  considered  under  Liitout  Ilcat  uf  Stctini,  ^ 
008.  Formation  of  vapors  in  a  vacuum, — Evaporation  takes  plaee 
frluwtr  ja  the  open  air,  tiwiti;^  ehicllj  to  the  ntmosphcnc  prcsaure.  In 
a  v&cuum,  however,  it  occur*  i  o  stun  tan  eouiiJj,  because  the  vnpor  then 
tneeta  with  iio  r^sislanco'.  Thb  pheuometiua  occurs  m  ol>cdii?Dce  to 
iho  followii);*  IiiwjJ : — 

Isl,  Alt  ruUtik  liqjiub,  in  a  mmumf  totatilise  imiantltf. 

At  titr.  sfjitte  kmpcraturis  ih^  rajmra  of  dijfireni  Uquidt  p&aaess 

AH  eD  K 
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45*2,  filjoro  fout  bnfoUKivr  tabes,  <Hi;fiiia!ly  Ullcd 
iviUi  jmra  drjr  m4^rct]rr»  itrv  supported  bj  tlifl  itand 
mercurial  cistt*ri»,  iind  all  lodieate  apon  tLc 
C»  tbw  mmc  bci^bt  of  poluinti«  A  drfjp  of  ctbcr 
u|>  Im  K,  lustduttj^  &!ifh&i  into  rnpor,  nnd  dv- 
f)rcf>c»  ibit  rolumu  [>t!f|iri|is  halt  iia  hei^lit  or  more, 
illantratr*  iho  Erst  UiT.  A  ilrop  of  bipulphid  of 
a  ifitruduecd  tuto  D|  ofiiloohul  into  B;  and  of 
iotfy  At  wlU  oliQ  bo  rfspcctivoly  changed  to 
r,  whfdir,  or  in  pjirt»  Wid  *m  depre**  thv  rnvt- 
nn*.i{UH.l\y,  in  the  order  of  their  Totatility  ai 
«Dfl[U(-rAtcd.  TkLi  i]lu«tnite#  thu  f{:c«»Dd  Uw.  tfnlt 
ihc  BlhvT  'mxffHhir't'i  itito  E  hinfi  dijinppcared,  thcu 
•uit-ev-ive  trnmH  porlt^nd  may  bo  add«(i,  and  witli 
Mrb  a«fdiiiun  an  inorrutod dcpre^tdion  of  the  lucreury 
rill  itv  (ibavrretlp  titilil,  AijiallVi  a  pn^di  ii  rrAt'bcd 
ro  the  «thcr  rvntAtiis  Hiiuid.  Ttiis  19  tho  pamt 
'f  •^infiifitin^  «r  tHtfj^imvm  ten*ivn  of  ether  vapor  for 
icmperaiuru.  A  tliunge  of  tcmper'itturu  will,  i  ! 
caarsii*  T»r/  i!u'*<?  ctniJiii  itss.  If  either  wftbtj  Itt'- 
U  mrrfiaiMlc*!  coo  nf  \i%r^*^v  diftm«tvr  dippi" 
ItittW  tltr  mirfrTirv,  nnd      nfliirding  a  ecU  ioto  ^h\<  . 

'.13  li«iuid  clhcr  in  fur 
»«oii'.  =.  Btid  furtbor  dtprciimg  tb«  mercury j.  fieet>rdjftg  to 

i  uri.  i,  \,^.rAng  miitiiro  were  similarly  mod,  the  reverse  would 
porttu))i  vf  rupor  htl^uM  be  lir^ucScd,  and  th«  mi'rctiry  will  rlM  in 
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669.  Batnrated  space  or  maximwin  tension  of 
meaning  of  these  terms  may  be  still  further  illustrated  by  the  ue  i 
the  apparatus  in  fig.  483,  which  is  provided  with  a  493 
well,  filled  with  mercury,  and  deep  enough  to  allow 
the  tube  to  be  depressed  nearly  its  whole  length. 

Suppose  the  tube  to  hare  the  condition  of  E  in  the  Inst 
pangnph ;  that  i«,  the  rapor  of  ether  has  nearly  filled 
the  whole  tube,  and  is  at  its  point  of  saturation  or  mazi- 
mam  tension.  If  the  tube  is  now  depressed,  the  contained 
rapor  is  subject  to  increased  tension,  in  proportion  to  the 
amount  of  depression ;  and  the  result  is,  that  a  portion 
of  it  becomes  liquid,  and  the  mercury  takes  the  place 
of  the  vapor.  If  the  tube  is  raised,  then  the  pressure  is 
again  diminished,  and  a  fresh  portion  of  ether  is  vaporized. 
There  is,  therefore,  a  maximum  tension  or  elasticity  for  the 
vapor  of  different  liquids  at  every  temperature;  so  that,  in 
a  saturated  space,  at  a  given  temperature,  the  maximum 
tension  is  the  same,  whatever  may  be  the  pressure  to  which 
the  vapor  is  subjected. 

670.  Dalton'8  law  of  the  tension  of  vapors  is 

as  follows : — 

The  tension  or  elasticity  of  different  vapors  is  equal, 
if  compared  at  iemperaiuns  the  same  number  of  de- 
grees above  or  below  the  boiling  point  of  their  respective 
liquids. 

This  law  does  not  perfectly  accord  with  the  results 
of  experiment,  but  it  is  nearly  correct  (except  for 
mercury),  at  short  distances  above  and  below  the 
boiling  point.    See  Table  XIV. 

671.  The  tension  of  vapors  in  communicating  vessels  nne- 
qnally  heated  is  the  same,  and  is  equal  to  that  of  the  lower  temperature. 

Thus,  if  a  vessel  coutaining  water  at  32°,  communicates  by  a  tube  with  a 
vessel  in  which  the  water  ia  boiling,  the  pressure  in  both  of  the  vessels  will  bo 
the  same,  as  may  bo  ascertained  by  a  manomeler.  This  is  explained  by  the 
condensation  which  the  vapor  constantly  suffers  in  the  colder  vessel.  Applica- 
tion is  made  of  this  principle  in  the  condenser  of  the  steam-engine. 

672.  Temperature  and  limits  of  vaporization. — The  evaporation 
of  liquids  takes  place  at  temperatures  much  below  their  boiling  points, 
as  common  experience  testifies.  Even  at  the  ordinary  temperature  of 
the  air,  water,  many  liquids,  and  even  some  solids  vaporize. 

Even  mercury,  whoso  boiling  point  is  G62°,  evaporates  at  all  temperatures 
above  60°  F.,  as  was  proved  by  Faraday.  Ho  suspended  from  the  cork  of  a  flask 
containing  mercury,  a  slip  of  gold  leaf.  After  six  months,  the  gold  leaf  was 
found  to  be  whitened  by  the  mercury  which  had  risen  in  vapor.  A  dew  of 
metallic  globules  is  sometimes  seen  in  the  Torricellian  vacuum.  Iodine,  cam- 
phor,  and  other  solids,  rapidly  evaporate  at  the  ordinary  temperature.  Snow 


«a4  tet  d1s*pp«u  tlio  inrratro  of  the  oarth  doriDg  coM  wontlicr  whoo  them 
lujt  b*eD  no  tltawio^.  Bojrlo  found  that  two  ounces  of  enow,  ia  a  rtsry  tM 
«tnoiphof«,  loii  leu  graina  in  iLx  homt. 

Thfl  flipflrimoDts  of  FftttidBj^  hoi^erer,  appear  to  show  that  vftpori- 
uiUai)  does  not  occur     all  temperatures. 

llittli  i»«pcui7  gifei  off  DO  appreciable  vapor  Wlow  60°,  SulpUttric  acid 
ll4n|{;oe#  no  tLppredablei  tivap  oration  at  ordiaar;  temper  at  urea.  Faraday 
l^rored  that  nroral  iubstaneeB  which  ftre  voJatilisscd  bj  h«ikt  at  tomporaturci 
Wlwwa  300^  aod  IOD°,  did  not  cuSqi  the  sUgfatcst  evaporation  wbeti  kept  in  a 
€«nAji«<l  fpaca  at  thfi  ordtiiar;jr  tern  per  aturca  duriog  four  jcan. 

Tb«  Uaitt  of  cTjiporation  b  tioat-Ued  when  the  cobesivo  fofoo  of  tb«  pftrtidci 
of  the  iolld  or  liquid  orcrcomca  the  focblo  tcadenrj  to  eTaporatioD. 

073.  ClroitmstaQeea  in  flue  n  dug  evaporation.— Evflp^jratbo,  m 
liiiB  been  Bnid,  is  the  sluw  production  of  vapor  from  tbe  surfuce  of  & 
tlijuid.  The  eln#l]c  force  of  a  Tapor  whicb  saturates  a  space  coDtainmg 
B  goB  (like  air)  is  the  same  as  ia  a  racuuta.  The  principal  causics 
wbicli  uiflaeoce  the  ainoiint  and  rapiditj  of  evapurationt  arc  as  ful- 
loirs  T — 

III.  BiitHt  o/  •urfai:*,  A«  the  eTaporation  talcca  pUc«  from  Uiei  Biirfaco,  aa 
iomAM  of  tarfaeQ  wMctitljr  faeilitatcfl  cvaporatioii. 

f  d.  Tcmperoiitrrf  bj  loereiuiiDg  the  claetio  force  of  vnporj  increMOB  tlie  rapidity 
of  «TapormLioa  ;  Ib&rcforo,  Ui«  t«mperattiro  of  ebuIlUiati  marki  the  ma^ Lmum 
^iftt  ot  etapomtioti, 

Sd.  The  fttmnfU^f  of  tkt  fssu  liquid  airis&djf  in  th»  atm^fipken,  «x«robetf  Mn 
iaiportaul  tufluenee  on  eT»por»tioQ,  WbcM)  ib«  air  is  •atarate^d,  ovaporatioa 
C1MCI  ;  it  i»j  therefore,  froateat  wb«ti  tbo  air  is  frQ«  froin  vapor, 

4ib*  Rtntitat  <\f  tht  mV  racilUalea  « rap  o  rati  tin ,  nincQ  buw  portlona  of  airj 
capable  of  absorbiog  moisture,  are  prcitotitcd  to  it;  hcnco  eraporation  is  more 
rapid  in  a  breeze  ibaa  in  iliH  air. 

^Ui.  Premure  t^ti  tkt  rarfaee  of  iht  liquid  laflaenceg  irraporatioD,  becauta  uf 
Ihm  retiatMt^  thus  offered  to  the  eacape  of  the  ?apor. 

PtvC  Datiiellp.  from  a  aerieii  of  retearcbea  aa  the  intQ  of  erapomtiQb,  dodliMd 
|h9  fbUowing  law,  vie.  ; — 

T*e  rapiftitg  tif  craporah'oa  I'l  innr§*ig  tt*  tht  pfiMurt  upon  th§  tur/mt  n/  tkt 

C74.  Dew-point, — If  air  gaturatod  with  molsturo  is  cofjjcd,  a  pot- 
tJwn  uf  tbe  inoisturo  will  be  precipitated  as  dew.  The  temperature  at 
which  thtfl  depOflitioD  of  moisliire  commeoccs,  is  called  tbe  dcw-pvinL 
The  dew-point  ii  nearer  tlio  tempiGraturc  of  the  ntniospbert?,  tbe  more 
fully  tbe  air  ia  saturated  with  moisture.  The  methods  of  determining 
the  amount  of  mninture  contained  in  the  attnoephere,  will  he  described 
io  the  chapter  on  Meteorologj. 

675.  Bb alii tlon.— The  elasticity  of  the  Taper  froui  a  Ijoiliug  liquid 
is  c<iual  to  the  pressure  of  the  BuperiDcuinbcat  atmosrphere. 
VThen  water  b  boUed  Ia  a  glui  retaeh  tlio  phonomeDa  of  ebullition  uxAf  b« 
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dutinctly  seen.  On  first  heating  a  liquid,  the  dtnolred  air  ia  cziMtUed  in 
small  bubbles.  As  the  heat  is  continued,  babUes  of  transparent  and  inrisiUa 
•team  are  formed  in  the  lower  part  of  the  ressel  where  the  heat  is  applied. 
The«e  grow  smaller  and  smaller  as  thej  rise,  and  finallj  condense  in  the  colder 
liquid  with  a  series  of  little  noises,  producing  what  we  call  simmering.  After  a 
time,  when  the  ma^s  of  liquid  attains  a  nearlj  uniform  temperature,  these  bub- 
bles increase  in  size  as  thcjr  rise  to  the  surface,  owing  to  the  eraporation  from 
their  interior  surfaces,  as  well  as  from  the  less  pressure  to  which  they  are  there 
subjected.  As  they  reach  the  external  air,  at  the  surface  of  the  liquid  they  eon- 
dense  in  a  cloudy  vapor,  which  is  commonly  called  steam,  but  which,  in  reality, 
is  water  in  exceedingly  minute  globules,  steam  itself  being  inrisible. 

When  a  liquid  has  reached  the  boiling  point,  a  comparatively  small  quantity 
of  heat  maintains  it  at  that  temperature.  Water,  or  any  other  liquid,  boiling 
moderately,  has  the  same  temperature  as  when  it  is  in  violent  ebullition ;  the 
excess  of  heat  only  causing  a  more  rapid  eraporation  of  the  water.  The  boiling 
points  of  certain  liquids  are  shown  in  Table  XVIL 

G76.  CircomBtances  influencing  the  boiling  point. — The  prin- 
cipal of  these  are : — 

1.  Adhesion.  It  is  probably  owing  to  the  different  degrees  of  adhe- 
sion between  the  liquid  and  the  surfaces  of  the  vessels,  that  the  boiling 
point  of  water  varies  in  vessels  of  different  materials. 

2.  Solid*  in  tohttion  in  liquids  raise  their  boiling  points  in  proportion  to  the 
quantity  disnolvcd.  Thus,  a  saturated  solution  of  common  salt  boils  at  227^  F. ; 
of  nitre  at  240^;  of  carbonate  of  potash  at  276°;  and  of  carbonate  of  soda  at 

220°.  This  id  probably  owing  to  the  adhesion  existing  between  solids  and 
liquiiL',  which  opposes  it?clf  to  the  repulsive  force  of  heat.  The  vapor  rising 
from  boiling  Polution?,  Kudburg  says,  has  only  the  temperature  of  steam  from 
pure  water  boiling  in  free  air.  According  to  Uognault,  the  temperature  of  tho 
vapor  of  a  boiling  saline  solution,  appears  very  nearly  equal  to  that  of  the 
liquid.  It  is  extremely  difficult  to  obtain  accurate  results,  because  tho  bulb  of 
the  thormomctcr  becomes  covered  with  a  film  of  condensed  water. 

3.  Picssurc.    As  ebullition  consists  in  the  rapid  formation  of  vapor 
of  the  same  elasticity  as  the  superincumbent  atmosphere,  it  is  evident, 
that  if  tho  pressure  is  diminished,  the  boiling 
point  will  bo  lowered  ;  and  if  it  be  increased,  that 
the  boiling  point  will  be  raised. 

The  influence  of  pressure  on  the  temperature  of  ebul- 
lition, is  strikingly  shown  by  placing  a  vessel  of  water, 
which  has  cooled  conjiidcrably  below  the  boiling  point, 
beneath  the  receiver  of  an  air-pump  and  exhausting  the 
air,  fig.  481.  As  the  air  is  removed,  tho  water  enters 
into  violent  ebullition,  even  at  a  temperature  of  120*^. 
]ii<|uidd  generally  boil  in  vacuo  at  a  temperature  of  from 
70°  to  M0°  below  their  point  of  ebullition  under  the  ordi- 
nary atmospheric  pressure;  Black  says  140°forall  liquids. 

TabloXVI.,fromKcgnuuIt,  shows  tho  temperature  at 
which  water  boils  under  different  pressures,  represented  by  tho  corresponding 
heights  of  tho  barometric  column.  These  results  hare  been  confirmed  by  dir«ci 
observation. 
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la  Tiible  XVriL  ii  giveti  tbe  bolHn^  puLot  of  waler  at  dUTarviit  plthc^a,  with 
Qif  correaponding  ekration  abovo  the  livtl  of  lUo  seiw 

&77.  The  calinary  parai3ox  is  an  excellent  itluatratLDti  of  the  pken{>- 
mena  of  boiUog  under  dtmlti'iBlicd  presssurcs.  485 

A  e(n»U  c|iiat]tit/  (tf  wat«r  ta  boilcid  in  a  gtas^  fluk 
ODtil  this  Bic&m  hai  drivcti  out,  Iho  air.  '^Vhca  tbo 
«mivr  ii  ib  aelire  ebullition,  n  good  cork  is  flrtqijr 
ini«ried  in  tbo  tnoutb,  mad  tbe  beat  b  remarod.  Tbe 
flwic  i«  Iben  fupptirtcd  in  ao  inverted  poAition, 
Ii  tbft^irii  in  fig.  Tbo  water  tttll  eontintiea  ta 

biiiL  man  riokntt;  Ibttb  vrh«ti  qt&f  tbe  Anms.  If  cold 
irat«r  b«  poarcd  upoa  the  S.ask,  the  cbaUjtion  beoomes 
ptill  more  violcat,  bat  will  be  flpeedily  jtrrcitcd  bj  tbu 
appllcattan  of  hot  watcr^ 

The  caase  of  tbia  viwiiitDg  paradox  it  platn.  Wbcn 
iba  fl&Ek  woj  tsotked,  there  wo*  only  tbe  vapor  of 
water  Rbitve  iho  H«|uid,  tbe  air  being  drircn  oat  bj 
Ibki  previoui  boilmg.  By  the  appliciitioa  or  cold 
water,  •  pnrlioti  of  tbia  vapor  becotao*  eottdonetcdj 
ft&d  tba  water  within  being  under  dtmiaisbed  proa- 
Bor«,  boils  at  a  corroipondingly  low  lemperftttire. 
Btit  far>t  water  thrown  upon  tbo  flatk  increoMi  th« 
vlaitbilj  of  tbo  rnpor,  a&d  tbe  w«t«r  bein^  thus 
iubj«cL«d  lx>  a  grcnter  pressure,  ceases  to  boil^ 

FraXii£litL''B  puise  glaBS,  a  double  bulbed  glasa,  fig^  pikx).!)'  51  led 
*kh  clbcf  atid  d^scd  while  boilitig;  boils  from  the 
heal  of  tbe  hiLDil,  a  acDsible  cdoLdcbb  being  Aiilt  ai 
the  U*t  poriioaa  of  fluid  msh  out  of  tbo  omptj- 
Vulb»  the  hdad  furaiabiag  the  boat  ticoded  to  va- 
|tnrtte  tbe  etbcr. 

G7d.  XT^eful  applicatloxia  in  the  arta  are  oonitantJjr  made  of  the 
facis  juat  expldDed,  to  coDccQtrate  Tegctabli}  extractB,  cnDe-juice, 
under  dtminished  pressure,  and  conaequenlljr  at  a  temperature  below 
the  point  where  there  ib  any  danger  of  injury  fri)in  heat.  Sugar  i* 
usually  concentrated  thus  in  large  dose  copper  vessels,  called  vacumn- 
pans,  at  a  temperature  of  150°  F.,  aided  by  a  powerful  air-putnp  and 
condenser  to  rcmore  the  vapor  rapidly,  Thero  is  no  econojtiy  of  fuel 
hy  boiling  under  diminished  pressure,  as  will  bo  understood  from  -what 
is  Raid  licreafter, 

070.  Meaaarement  of  heighta  by  th^  boiling  point. — Hyp«o. 
meter. — On  ascending;  mountaina,  the  boiling  point  liquMJa  faUs, 
because  the  atmospheric  pressure  is  less,  and  conversely  in  descending 
into  mines,  it  rises.  Accurate  obserTationa  show,  that  a  difference  of 
bout  S4^  feet  in  elevation  produces  a  variation  of  P  F,  in  the  boiling 
jpfiint  of  water.  Th©  metastatic  thermometer  (579)  h  used  in  these 
obtervationa*  Fahrenheit  first  proposed  determining  the  heights  of 
jnountainn  by  the  depressed  temperature  of  boiling  water. 
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Regnanlt  has  datigned  an  apparatu  called  a  hjpiomeler,  tg.  487,  for 
determinuig  elevatioiu  hj  the  boiling;  point  of  water.  It  eonaiata  of  a  eoppcr 
reisel,  C,  eontaining  water.  This  is  tonnoanted  by  a  braes  cylinder  which 
supports  and  encloses  a  thermometer.  The  npper  part  of  this  cylinder  is  formed 
in  pieces,  t,  which  slide  into  each  other  like  the  tabes  of  a  teleseope,  and  serro 
to  confine  the  steam  about  the  thermometer  tube,  as  in  tg.  443.  Air  is  supplied 
to  the  lamp,  t,  by  the  holes,  o,  o.  The  steam  escapes  by  a  lateral  487 
orifice  in  the  npper  part  of  the  instrument.  488 

680.  High  pressure  steam.— The 

boiling  point  rises  as  the  pressure  in- 
creases. This  fact  is  readily  demon- 
strated in  a  general  way  by  Marcet'a 
apparatus,  fig.  488. 

A  spherical  boiler  is  supported  orer  a  lamp 
npon  a  tripod  of  brass.  A  thermometer,  t, 
enters  the  upper  hcmifphero,  and  its  bulb  is 
exposed  directly  to  the  steam.  A  stop-cock 
and  safety  valre,  V,  opens  a  communication 
to  the  outer  air.  A  manometer  tube,  A,  with 
confined  air  (280)  descends  into  some  mercury 
placed  in  the  boiler  (whose  lower  hemisphere 
is  for  that  reason  made  of  iron).  The  boiler 
is  filled  with  water  to  the  equator.  When  the 
water  boils  and  the  air  has  been  expelled,  tbo 
open  Btop-cock  is  closed  and  the  steam  com- 
mences to  accumulate.  The  thermometer, 
which  stood  previously  at  212°,  begins  to  rise 
higher  and  higher  as  the  column  of  mercury 
rises  in  tbo  gauge.  AVben  tbo  mercury  has 
risen  in  tbo  gauge  a  little  less  than  half 
the  height  of  the  tube,  the  thermometer  will 
indicate  249''-j  F.,  when  two-thirds  of  the  way  273°-3,  and  so  on.  TaUo  XIX. 
gives  the  boiling  point  of  water  at  difiTcrent  atmospheric  pressures  as  ascer- 
tained by  Kcgnault. 

Advantage  is  taken  of  the  temperature  of  high  steam  in  the  arts  to  extract 
gelatine  from  bones,  and  to  perform  other  difficult  solutions  and  distillations 
which,  at  212°,  would  bo  impossible.  Papin,  a  French  physicist,  who  died  in 
1710,  first  studied  these  eficcts  of  high  steam  with  an  apparatus  known  as 
Papin's  digester.  It  is  only  a  boiler,  of  great  strength,  provided  with  a  safety 
valve  (then  first  used). 

08 1.  Production  of  cold  by  evaporation. — A  liquid  grows  sen- 
sibly colder,  if  while  evaporating  it  does  not  receive  as  much  heat  as  it 
loses,  and  the  more  sensibly  so,  as  the  evaporation  is  more  rapid. 

Eau  dc  cologne,  bay-rum,  or  ether,  evaporating  from  the  surface  of  the  skin, 
produces  very  sensible  coldness,  duo  to  the  rapid  absorption  of  the  bodily  heat 
in  the  evaporation.  Portions  of  body  may  bo  thus  benumbed  and  rendered 
insensible  to  pain  during  surgical  operations. 
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A  lamm^  Ab(»tror  co^U  thtt  ftir  by  »liiorblDg  boat  from  ihe  trnvlU  imJ  ibo  air 
ring  eTDt>orali<io,  CorUiaj  tret  wtlli  waUr,  culled  tudiV*,  much  uvod  in  India ; 
y  bTMi«bei  of  tfeca.  ui(>*jy  baakt,  fciiil  fouotttioi!  dfj»|>til  b)'  diuibi«g  planij*, 
c;oci!  fitr  the  sttxa^  rt-'dAi'D.    Fanning  the  QurfaL-o  |jrudui-«<9  fOolnvM  butli  l>i>in 
tundiictloQ  ttsd  cv ftpor^t'um.    Wet  cltttbcs  are  ^jt-rnieioua,  cbiafly  (roiu  tb*  rnjdd 
93  thcf  cwJ»o  of  •iiijtial  !*i-"»t  diiring  cvapotatiutif  Ihu*  jmpydiug  tbts  cirmlii^ 
an.    In  htii  <limflif?,  whcr*  ice  U  Wife,,  water  ia  coykd  lo  an  jigrefobl-a 
tcmi«?ratare  hy  iht>       <jf  jttn  of  porooa  ooLrtbtMiwflro  jdiwi«d  in  »  draugbt  of 
ftir.    Tbu  Htirfaco  uifJislure  is  rapidly  «Taponited  by  tbo  dry  air,  and  Ibe  wiitur 
llns  *B«s«|i  falls  20  or  30  degrccB  below  tbo  citcrlor  air,  uvea  at  hd  vt  9Q 
grcvfl.    Wat«f  is  refttlUy  frvKen  in  a  tbia  narrow  t««t-tubo  by  tbe  conaUnt 
■*(M»ratiori  tif  c^ibiT  from  n  miislia  cover  dr»wii  orer  lb*  otttSiidc  of  tb&  tube. 
£«flt  I(idie«i  woUsr  ia  froien  by  itd  own  eTaf^tMiufl,  aidiHl  by  ratti*Lit>ij, 
lenrtie  iitgbt<f,  wb«o  Ibo  extf^mAl  air  U  not  bel«w         For  tbu  purpou) 
iw  earthun  pans  bto  used,  placed  in  a  flight  pit  or  dcprcusinn  of  tb«  cartb 
«]tui]  tlFatr  to  cat  off  torresirial  radiation. 

Wftt*f  ia  cndotred  tftih  a.  rennarkabli}  enii!>sivo 
powert  i^nd  will,  fts  ibown  by  Mdi(»tii,  lo«ei  7°  bi^ 
luw  tbo  atmospbcre  by  Aimplo  rikdiation  in  sefctia 
mightit.    Ctnuf^ared  to  tbi*  remiyrkable  Indian 
resoltr  Lealie'i  experiment  of  freeztng^  water  in 
Toeaum  of  an  air-pump  (over  aulptiurie  acid 
|o  afciorb  ibc  rapor,  tg.  4S9)  ttcetbs  eiaiple ;  and  cosier  fltill  la  Liio  fiamti  cfTecl 
produecd  in  the  cryopbofni  {QT/n>tt*btitir€r)  of  Dr.  WoUaatoo,  fig,  4Wf  wburo  & 
portion  of  water  in  one  100 
balb  of  «  Tocuonf  gloss 
tabo  if  fr<^zen  by  its  own, 
Tlipiil  eTaporalLon  due  to 
«ooltt]g  tbo  ompty  bulb  in 
ftfrecEini;  mlxtuTo^ 

l^winLng's  ice  ma- 
&tii[ie.~'Au  uppftf-jLtus  bofl  been  encec^jfullj  coatriTed  by  Prof,  Ale:^.  Twining 
for  produpLnjg  ice  upon  ■  commercial  fcale  in  tboae  bot  elittiate*  where  il  ciuiitot 
ha  carried  fftittt  p«>lder  cottUtricB,  by  tbo  mpid  ev^apotation  *>f  u  portion  of  ether 
eoQlSaed  ia  mctaiUc  cbftmber«  eimtij^iionx  to  tbc  water  vcptoli^ — Ibfj  prni*e<j,  by 
Aid  of  Kfn,  kir^pump  and  coodcnder,  being  eoitttnuous  and  witUivut  lennibli}  lo«i 
bf  etber,  Tbii  y\im  h  isqnally  npplicabb  to  cDoling  tbe  air  of  ap«rii»eQt«^  eillicr 
tit  IUe  pi«««rtalion  of  prortiiooi  or  for  tbe  eotnfori  tf  tbo  oecupnnttf. 

6^2,  IiAtent  heat  of  steam. — A  largfi  atnount  of  lieiit  dimppenrs 
or  Is  rendered  Intent  during  evnporalion.  Accortling  to  lte;^nauU,  tbe 
Itttcnt  lioAl  of  fiteaiM  is  yeiT^  S.  Its  determiofitioo  ia  mnde  in  ft  numWi' 
of  ways. 

If  ft  reiMl  c»ntAlninjf  wftt«r  «l  tbe  ieinpfri«tur«  of  3!*^  li  p](W!«d  ovtt  A  tUftdj 
•ource  of  h<>at,  it  reccitejs  pqxml  oddltiotis  of  beat  in  e^mn,!  limts.  Let  fbo  time 
be  ttotod  tbat  if  rciiuirvil  tu  rni.i«  Ibo  (tfinpcrttttirn  to  2)3%  If  now  tbc>  bent  \t 
flontiiiifd  until  all  the  wal«r  U  conTerU-d  into  pieam,  it  will  bo  found  tbat  tbe 
lime  oe^Rpicd  In  iHe  «v»ponition  woai  5^  t\mcf  that  required  to  beat  tbo  water 
tbruuRb  ibe  lir#it  ino'^,  ^  ,  from  32°  In  2\2?.  C«ini(Mpicntly  ^  timcp  a«  ina<<b 
bcut  ii  abtorbcui  during  tb«  eva|»orntion  uf  wftl«r  «.<■  h  ret^tiircd  iu  brinf;  it  ta 
boiiiBK  pniot.    Tbe.  latent  beal  of  aleam  is  lberef(»r«  about  (ISO**  X  ^h) 
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Again,  tbe  latent  heat  of  iteam  is  determined  by  diatilUng  a  certain  amonat 
of  water  and  condensing  tho  steam  in  a  large  Tolnrae  of  the  same  liquid.  If 
the  temperature  be  noted  before  and  after  tho  experiment,  it  will  be  found  that 
the  heat  (torn  the  steam  formed  from  a  pound  of  water,  was  sufficient  to  raise 
the  temperature  of  ten  pounds  of  water  99°.  The  latent  heat  of  steam  is  there- 
fore again  found  to  be  (99°  X  10)  OdO*"- 

Experiments  conducted  in  the  simple  manner  just  mentioned  cannot  be 
entirely  accurate,  owing  to  a  certain  loss  of  heat  by  vaporisation ,  conduction, 
and  radiation.  Numerous  precautions  are  therefore  to  be  adopted  to  insure  tbe 
accuracy  science  demands  in  such  an  inrestigation,  the  details  of  which  are 
inconsistent  with  our  limited  space. 

The  latent  heat  of  steam  obtained  by  different  experimenters,  Tariet 
somewhat  as  follows Watt,  950* ;  Lavoisier,  1000* ;  Despretz,  QSS'-S ; 
Brix,  972° ;  Regnault,  967*'-5 ;  Fabre  and  Silbermann,  964°-8. 

683.  Latent  and  sensible  heat  of  steam  at  different  tempera- 
tures.— The  whole  amount  of  heat  in  steam  is  the  leUent  heatt  plas  tbe 
sensible  heat.  Thus  the  heat  of  steam  at  the  temperature  of  ebullition 
is  W'b  -f  212°  =  1179*-5.  It  has  heretofore  been  generally  sUted, 
that  the  heat  absorbed  in  vaporization  is  less  as  the  temperature  of  tho 
vaporizing  liquids  is  higher.  So  that  if  the  sensible  heat  of  steam  at 
any  temperature  is  subtracted  from  the  constant  1179°'5,  the  remainder 
is  the  latent  heat  of  steam  at  that  temperature.  For  example :  the  latent 
heat  of  steam  at  279°-5,  is  900°,  at  100°,  1079°-5,  &c.  This  statement 
however  is  found  to  be  somewhat  inaccurate,  although  in  practice  it 
may  be  assumed  to  be  nearly  correct. 

From  the  experiments  of  Regnault,  it  appears  that  the  sum  of  tbe 
latent  and  sensible  heat  increases  with  the  temperature  by  a  constant 
difference  of  0°*30o  for  each  degree  F.,  as  is  shown  in  Table  XXII. 

684.  Mechanical  force  developed  daring  evaporation. — During 
the  conversion  of  a  liquid  into  vapor,  a  certain  mechanical  force  is  exerted. 
The  amount  of  this  force  depends  on  the  pressure  of  the  vapor  and  tho 
increase  in  volume  which  the  liquid  undergoes. 

Equal  volumes  of  different  liquids  produce  unequal  amounts  of  vapor  at  their 
respective  boiling  points. 

1  cubic  inch  of  water  expands  into  1690  cubic  in.  vapor  at  boiling  point. 
1    "      "       alcohol    "       "     628    "     "      "  "  " 

1    «      "       ether      "       "     298    "     "     "  "  " 

1    "      "        turpentine        "     193    "     "      "  "  " 

Now  although  tbe  latent  heat  of  equal  weights  of  other  vapors  is  less  than 
that  of  steam,  yet  no  advantage  would  arise  in  generating  vapor  from  tbem  in 
place  of  water  in  tbe  steam-engine.  For  equal  volumes  of  alcoholic  and  aqueous 
vapor  contain  nearly  the  same  amount  of  latent  beat  at  their  respective  boiling 
points,  and  such  is  tho  case  to  a  great  extent  with  other  liquids.  The  cost  of 
the  fuel  in  generating  vapor  would  be  in  proportion  to  tbe  amount  of  latent 
neat  in  equal  volumes  of  tbe  vapor. 
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Uqnefac tioD  of  vapotB,  or  the  cooyetsiqh  of  Tapors  into  liquids, 
is  necomplished  in  threo  waj*s.  Ist^  by  cooling;  2d,  by  compresaion ; 
and  3J,  by  ch^icfd  affinity.  Oolj  the  first  two  of  these  methods  wUl 
Le  0]x>kea  of.   IVhen  Tapors  or  gnscs  aru  condensed  into  liquidfi,  the 

 e  amount  of  heat  Is  given  out  aa  sensible  heat  Tfhioh  was  nbsorbcd 

rendert?d  latent  vhm  they  aasamed  the  acrifom  condition ^ 
6B6.  Diatillation  is  the  suceeaaire  erapoTQtioa  and  condensatiori  of 
Ijqiikls.    The  process  depends  on  the  rapid  formatioti  of  va|K)r  during 
cbuUition,  and  the  condensation  of  the  vapor  bj  cooling. 

l>Utin*tl<m  IK  a^ed,  fir«t,  fur  tbo  separation  of  fiuiila  from  Rolida^  p.!  tb«  din' 
^lalioa  ©f  urilinary  waUT,  to  aqiarato  the  imparUios  conLtiini'd  io  it;  2(1+  for 
|]|«  Mpifttion  or  Li(iu]ile  (mer|ii«ll;  rulatile,  m  Id  the  tiUbtlaii  of  fermonted 
li^uon,  it)  tejt&rmtfl  tbo  rulatilc  ipuiu  from  tbo  WAlcrf  matter. 

DiitilLLos  apparatus  of  Tarious  kinds  ia  employed  accordtng 
to  the  special  purpose  to  ivbich  it  is  applied.  Tbo  most  ancient  is 
the  aUmbie,'  its  invention  is  attribtited  to  the  Arabs.  It  ooneista  of  a 
boilef  of  copper  or  Iron,  furnished  with  a  dome^ahaped  bead;  to  the 
upfier  part  of  this  ia  attached  a  metal  tube  which  passes  through  a 
vtj^jsel  of  cold  water,  whereby  the  tap<>r  (as  it  passes  over  when  heat 
is  applied  to  tho  boiler)  is  condensed,  and  flows  into  a  proper  receptacle. 

Where  small  quantities  ^gj. 
of  liquid  are  to  be  distilled, 
glasa  retorts,  figr  491,  or 
fitasks  are  used.  These  aro 
heated  by  alcohol  lamps,  or 
by  »matl  charcoal  faroocee. 
The  receiver  may  cooBiet 
(Kf  a  email  flask  connected, 
with  the  neck  of  the  retort, 
ia  f«pf«8euted  by  S>  By 
meana  i»f  water  flowing 
eosituiuany  on  it  from  a 
prtO|»cr  cooling  is  effected, 

tm,  Fhysical  laentitj  of  gasea  aad  vapora,— The  differetice 
betweeti  ga^es  and  vapors  is  merely  one  of  de^ce,  and  their  identity 
in  many  physical  properties  baa  already  been  shown.  Thus  the  ratio 
of  their  tixpanslon  by  heat  is  tbD  samo  as  that  of  the  permanent  gases. 
A  pennanent  gas  maybe  considered  as  a  super-heated  rapor;  the  vapor 
of  a  liquid  which  volatilizes  at  very  low  temperatures. 

Theory  of  the  UqnefactJon  and  solidiacation  of  gaaeB.—By 
the  last  section^  if  the  excess  of  beat  is  removed  from  a  gas,  it  is  iii  the 
eaiae  condition  oa  an  ordinary  vapor,  containing  only  suf&cietit  bieat  to 
42 
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maintun  it  in  the  aeriform  condition.  Bj  the  compreaeion  of  a  gu, 
heat  is  evolved,  by  rendering  sensible  the  heat  before  latent.  If  the 
compressed  gas  is  then  surrounded  by  a  freezing  mixtare,  the  farther 
abstraction  of  h^at  causes  the  condensation  of  a  corresponding  portion 
of  gas  into  a  liquid.  It  is  thus  by  condensing  and  cooling  gases,  that 
their  liquefaction  and  solidification  have  been  effected. 

689.  Methods  of  reducing  gasea  to  liqoida.— In  1823,  Faraday 
liquefied  chlorine,  cyanogen,  ammonia,  carbonic  acid,  and  some  other 
gases,  by  the  following  simple  means. 

The  materi&Is  from  which  the  gas  was  to  be  evolved,  provided  they  were  wlidi, 
were  placed  in  a  strong  glass  tnbe,  492 
bent  at  an  obtuse  angle  near  the 
middle,  fig.  492,.  and  the  open  ends 
hermetically  sealed.  Heat  was  then 
applied  to  the  end  containing  the 
materials  («.  g.  cyanid  of  mercury), 
while  the  empty  end  was  cooled  in  a 
freeiing  mixture.  The  pressure  of  the  gas  CTolvod  in  so  small  a  space,  united 
with  the  cold,  liquefied  a  portion  of  it.  Otherwise,  if  fluids  were  to  be  employed, 
the  tube  had  the  shape  seen  in  fig.  493.  The  fluids  were  introduced  by  the  small 
funnel  o  n,  into  the  curves  e  and  b,  and  the  ends,  a,  d,  wore  then  sealed  by  the 
blow-pipe.  By  a  simple  turn  of  the  tube,  all  the  fluid 
contents  are  transferred  to  the  end,  a,  fig.  494,  and  the 
empty  end,  d,  is  placed  in  a  freezing  mixture  where  the 
liquid  gas  collects.  Any  fluid  which  distils  over  from 
a,  collects  in  the  bottom  of  the  middle  curve.  A  minute 
manometer  was  introduced  by  Faraday  into  these  tubes, 
in  order  to  determine  the  pressure  at  which  liquefaction 
occurred.  The  manometer  was  a  small  glass  tube  scaled 
at  one  end,  and  holding  a  drop  of  mercury ;  the  mode 
of  reading  the  pressure  has  been  before  explained  (280). 

Later  researches  of  Faraday. — In  1845, 
Faraday  published  the  results  of  his  experiments 
on  the  liquefaction  of  gases  by  means  of  solid 
carbonic  acid.  A  mixture  of  this  solid  with  ether, 
in  the  vacuum  of  an  air-pump,  gave  him  a  tempe- 
rature as  low  as  — 1GG°  F. 

In  such  a  bath,  at  the  ordinary  pressure  of  the 
atmosphere,  chlorine,  oxyd  of  chlorine,  cyanogen,  am- 
monia, sulphuretted  hydrogen,  arseniurotted  hydrogen,  hydriodic  acid,  hydro- 
bromic  acid  and  carbonic  acid,  were  obtained  in  the  liquid  form  under  moderate 
pressures.  These  liquids  were  colorless,  with  the  exception  of  those  from  chlo- 
rine and  oxyd  of  chlorine,  which  are  colored  gases  in  the  ordinary  state.  A 
number  of  the  liquefied  gases  were  solidified.  The  results  obtained  by  Faraday 
on  the  liquefaction  and  solidification  of  gases  may  be  found  in  Table  XX. 

690.  Thilorier'a  and  Bianchi'a  apparatus  for  oondenaation  of 
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Saftes, — T(y  avoid  lEe  (iang^^r  of  ei  plosion  m  the  use  of  glms  tubeft, 
iind  At  the  iame  time  to  obtam  largo  suppUea  of  liquid  grt^cs  in  a 
inanagpabk  form,  a  powerful  ftppamtus  of  iron  has  ht^n  contrived 
Thibrier;  ftnd,  more  lately,  anothcir  by  Biu.ncln  with  meubaniciil  com- 
pre^sioQ,  for  a  descriptioo  of  which  refer<?nce  irtnj  be  had  to  the  Aulbar's 

60 L  Prop«rtlea  of  llqaiiS  and  aoUd  gases. — Liquid  carbon iis  aeid 
ta  colorless,  like  water,  and  has  u  density  of  0  83.  Its  coefficient  of 
espaosion  u  mere  than  four  times  that  of  air.  Twenty  rolamea  of  th« 
liquid  &t  32**,  becoming  29  volumea  at  80°. 

The  io1jdifi«d  uid  obtained  bj  tbo  eraporatiOD  of  m  po^rtion  of  tbo  Hqnid, 
iLppea^ra  ia  tli«  fom  of  laow ;  wton  cougtuled  by  itileo^^  Dald  itlotie,  it  is  clear 
M.J  irnJisp^ri^Qt  Uko  ice.  It  raclts  jit  a  tei^porntarfi  of  — 70°  F.,  antl  ii  boarier 
thaD  tbe  liqut<J  batbiag'  Tbo  aolil  acid  maj  bo  prea«rTcd  for  many  boun  if 
it  be  tarrutt tided  wiib  cottoa  o-r  some  oLbcr  poor  conducitor  of  bcaL  It  gradually 
ir*pgriM*  TfitlitJiil  imsmniog  tbe  litjflU  form.  The  tcuapenatur©  of  thh  aoHd,  u 
detcrminc'd  hy  Fttradaj'a  e  x  peri  men  ts.  ie  ftbotit  IQQ°  below  0°  F.  Altbough.  so 
iateD»l]r  cold,  ii  miLy  be  faaodtcd  wilb  impuDliy,  and  wbeo  t brown  isto  water* 
Ihe  lfttt«r  ti  rint  fr&teia.  By  moiAtentog  ii  wttb  cth<>r,  to  wbict  it  bas  ft  itroog 
adh&sioD,  itj^  tow  tismpertiture  is  at  otiee  mauifcflled.  If  morcury  is  plid«d  in  a 
woodfen  ba«inL  and  covered  with  ctber,  and  tli«o  Jiolid  tiarbooio  acid  bo  added, 
tba  m&rcprjr  wiH  soon  be  frozen,  Tho  temp-erataro  rt^qntrcd  to  ftctta  the  mer- 
cnrj  ij  about  — ti)°  F.  Tbi»  froien  mercury  may  bo  dra«rs  ioto  bara,  or  tnouldcd 
iato  ball«ts,  or  bcatcti  iDio  tbld  jilatoSj  if  thu  operations  be  performed  with  wooden 
iaitrtitaeala. 

Nattbieii,  with  a  mixture  of  It  quid  protoxyd  of  Bttrogeo  and  bieul- 
phid  of  carbon,  records  a  temperature  of  — 220**  F.  Eveii  at  this  low 
temperature,  liquid  chlorine  and  bisulphid  of  carbon  preserve  their 
Quidity. 

In  protoxyd  of  oMiageo  gas,  combuaiiblcH  bara  with  nearly  as  ^reai  i&tcQfity 
M  ia  pi3r»  oxygen;  eombuation  also  takea  ploco  in  liquid  protoxyd  of  oitrogca, 
DOtwitb»t*adizig  the  intoaae  cold.  A  fragment  of  bam  in  g  cbarcoaL,  thrown  into 
ihia  liqaid,  bamt  wilb  brillianl  sctDtiilatious,  aod  thtia  almost  Hi  tbe  aame  point 
Him  If  a  temperature  of  aboqt  3600°  abov«  and  ISC'*  bdow  FabrcphcifB  lero. 

692,  Xifttoor'a  taw. — From  his  cxpcrimcQts  on  the  convcralon  of 
liquids  toto  tapom,  Caignard  de  Latour  attnouticed  the  followicg  law : — 

There  t>  Jhr  ecery  vaporizabk  h'quid  a  artain  temperalure  and  prta- 
iun  ai  teliich  it  ma*f  be  ctynseded  into  thi  aerifornk  state,  in  the  mme 
*pae$  oceupied  Itf  the  liquid. 

Is  tlMM  eiperitnciit*,  Ftrong  glaw  tube*,  farobbed  wUb  interior  niADoaicter 
^magtMt  wflTo  parltaUy  filled  wilb  water,  alcobol,  etber,  aod  otbrr  It<]uid5,  and 
hanuUcally  Halad.  The  temperature  of  the  tubes  was  then  gradually  rai«ed. 
Eth«r  btKomei  a  rapor  at  lo  a  ipace  equal  lo  double  ita  original  bulk, 
«t«rtiag  a  preMan  of  37'^$  atino»pb«re« ;  akobol  at  a  temperatara  of  404^-5p 
wiUi  a  prefiure  of  110  atmoffpber^f,  aad  w*lir  diiappearfrd  in  rapor,  in  a  rpac^ 
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fuar  times  iia  own  bulk,  ftt  th«  tempentare  of  about  773**.  If  Mariotts't  Uw 
held  good  in  these  cases,  the  pressures  exerted  would  hay*  been  rery  madi 
greater  than  were  actually  obsoired.  Even  before  a  liquid  wholly  disappears, 
the  elasticity  of  the  vapor  is  found  to  increase  in  a  proportion  far  greatar  than 
is  the  case  with  air  at  equally  elevated  temperatures.  It  is  not  therefore  sur- 
prising that  mere  pressure  fails  to  liquefy  many  bodies  which  exist  ordinarily 
as  gases.    Compare  the  statements  respecting  Mariotte's  law  in  J}  274-277. 

G93.  Density  of  vapors. — ^Tbo  accurate  determination  of  the  density 
of  vapors,  is  of  much  importance  in  Chemical  Physics.  It  is  aeoom- 
plished  by  filling  a  globe,  or  other  vessel  of  glass,  with  the  vapor  at  a 
given  temperature,  and  weighing  it ;  this  weight,  divided  by  the  weight 
of  an  equal  volume  of  air,  under  the  same  circumstances  of  tempera- 
ture and  pressure,  gives  the  density  of  the  vapor.  The  details  of 
the  methods  in  use  for  this  purpose,  belong  more  appropriately  to 
chemistry. 

I  9.  Spheroidal  condition  of  Liquids. 

694.  Spheroidal  state. — Drops  of  water  scattered  on  a  polished 
surface  of  heated  metal  do  not  immediately  disappear,  but  assume  the 
form  of  flattened  spheres,  rolling  quietly  about,  until  they  gradually 
evaporate.  If  the  metal  has  not  a  certain  temperature,  it  is  wetted  by 
the  water  with  a  hissing  sound.  This  observation  was  made  in  1746, 
and  ten  years  after,  Liedenfrost  called  particular  attention  to  the  phe- 
nomenon.  Dobereiner>  Laurent  and  others,  also  experimented  upon 
this  subject.  They  found  that  saline  solutions,  as  well  as  simple 
liquids,  would  act  in  the  same  manner  as  water.  It  is,  however,  to 
Boutigny  that  we  arc  particularly  indebted  for  the  investigation  of  the 
phenomena  of  the  spheroidal  state  of  liquids. 

Illustration  of  the  spheroidal  state. — The  above  experiment  may 
be  variously  performed,  according  to  the  ingenuity  of  the  experimenter. 

A  small  smooth  brass  or  iron  capsule  is  heated  over  a  lamp,  fig.  495,  and  a  few 
drops  of  water  allowed  to  fall  upon  it  from  a  pipette ;  the 
drops  do  not  wet  the  metallic  surface,  but  roll  about  in 
spheroidal  globulcii,  uniting  together  after  a  time  into  a 
single  mass,  which,  it  will  be  seen,  has  the  form  of  an 
oblate  spheroid,  and  evaporates  but  slowly.  This  is  the 
condition  distinguished  by  Boutigny  as  the  spheroidal 
state.  If  the  metal  is  allowed  to  cool  gradually,  when 
the  temperature  falls  to  a  certain  point,  the  liquid  will 
burst  into  violent  ebullition  and  quickly  evaporate. 

The  spheroidal  state  may  be  produced  in  a  vacuum  as  well  as  in  the 
air,  upon  the  smooth  surface  of  most  solids,  and  also  upon  the  surface 
of  liquids. 

Noticeable  phenomena  connected  with  the  spheroidal  state. 

— There  arc  several  important  points  to  be  noticed  as  regards  this 
curious  subject.   The  chief  of  these  are,  that, — 
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1,  J%4  t»mp*fnttffe  of  tKt  pUte  most  b«  groater  lbs©  the  'bcjtlinE  point  of  t!io 
nida,  in  oMtit  lii  |>ruiluco  thta  f  pbcroiidBl  state,  and  it  rn-riui  with  tbo  buiUtlg 
piiiai  t>f  ilio  U<{uld  employed, 

Tbaip  with  WBt^n  Ibc  Piiljcrgi*l»S  stito  is  pTutlinsod  wlien  the  plalo  is  *l  »  iow- 
:«  of  340%  aui]  maj  »ltam  h  cvlq  at  IJHS*';  witb  akobol 
•Ibc^Fp  tbv  pi  A  to  maet  bavo  at  Icoat  tbu  |«iup«raturc  *tt  I'W^ 

i.  TA*  tempernture  ^/  tht  wpheraidt  it  nlwayt  lower  thm  th*  '  ^ 
.jboOin^  |>oini»  of  ikis  Vu{\ih\<.    'this  was  jDUirtaincd  hjr  Uouti^yj 
n»jf  immersiD^  a  dolkaLo  tbcrtuo meter  id  the  ipbcroid,  aa  abown 

^|»  H' 

Tiiaa,  20'5'''t «  Iho  tempcmtnrv  of  tlic  spheroid  of  woter ;  16S*'S 
[ibit  of  alcobali  t^''-^  tbat  of  ether;  IS^^l  that  of  3ul|>Iiuruui 

[  Tbo  tciDpvraturo  of  »  e[»b»Toid  in  not  qoiie  ai  dcfiDite  as  tbe 
lempBratnra  of  ebaUitioa  of  tbo  tiqaid,  bat  riacs  taiuGrwbat.  ott  ibo 
I  jilftta  upon  which  it  tcHs  ii  xjaons  iatenaelj  hcatcdu 

Si,  Tht  ttmptrnttiff  of  the  wnpor j'fum  n  aphermd  is  ncarlj  the 
Mine  a*  that  uf  tbo  pUtv  upon  ^hicb  it  n.'9t9,  wtileb  proves  Ibat 
vnpvr  is  uot  dj£cagagcd  U^m  ibo  mafs  of  the  liquid. 
4.  Tjfie  rupulitTf  of  tttipvtation  /mm  n  itphtroiftf  {nrren»t»  Kuk 
the  temji^tttuft  i'/  thi  plnte  i(/kj«  irAiVA  it  rtMtWf  itS  i$  prfJVfid  by 
|b«  fvitowing  cxpenmeiitj  uf  Bontiji^nj',    Th^  «amo  quaotilj  of 
««i«r  {(I'll)  (framinv,  or  1534  grs.)  ycm  «vftpc»rai«d  id  each  case. 
IfLth  tbc  plnte  at  the  leinpflratare  of  392%  the  water  OTBp{>rtitcd  in  2^1  i}«rofi(1s» 
th«  pLuUi  at  lJi«  loiap«ratuf«  of  752%  th«  water  evaporated  in  91  »«troDd5. 

piiato  at  dall  red  heat,  tbe  water  craporivtcd  in  73  seoQudj,    Witb  tho 
at  brrght  red  heat^  tbc  wat«r  evaporated  ia  50  ficroada. 
Irrater,  iu  ihd  fphcmidal  state,  CTAporatei  much  moro  slowlj  than  at  the  tctU' 
fetmturo  of  ordmary  ebullition.    Thus,  wbea  tbc  pUto  w&«  at  tbc  Icoipcraturo 
«f  312°,  0*10  grms,  of  wiUcr  cvapoTAtetl  in  4  seconds  :  and  when  at  th«  tompcm- 
|ttr«  tif  !1D3%  LO  207  iccandj,  or  about  onc-SfticLh  part  aa  rapidlji. 

t^h,  Sptteroidal  state  produced  upon  tbe  surface  of  liquids. — 

A  >  .    '    ^!!'aud  liquid  may  eausu  ih^  Jijibcruidul  iiale  ij)  hDotber  liquid  of  lower 

Hit  tbiUJ  iLXilf. 

.  I'  .  Irmxo  fuiind  that  walcr  usumcd  the  rpheroida!  alate  on  rerjr  faot  oil  of 
tiLr|M!Dtme,  althtju^b  tbo  water  Is  tho  dcuacr  Utfuid.  Bnuttj^J  hat  thus  suit»)P?^d 
water,  alcohol,  nnd  ether  op  sulphurie  aciJ,  ucarly  at  ita  hoilinf  potol.  With 
■uChclmt  |ircfautk>»^,  a  number  of  liquids  maj  be  thus  pikd  one  u|ioa  tb«  other, 

G%.  A  liquid  in  a  iplteroidal  state  Itf  uot  in  contact  with  the 
lieated  sorface  beneath.— This  must  appear,  qu  retlectluti  upiiu  tbc 
C^ti  fttrcudy  litalcd,  and  may  be  demoiiBtrntcd  £u  fullotrsi— 

A  boriinntal  Gilder  plate  is  portnounti-'d  hy  a  tube  of  tbc  entDC  mcUl;,.  Ilg.  i^t, 
witr>4«  Itmor  edgL^  bave  two  longituttiniil  diU  oppoiitA  to  «uL'b  other,  Tbu  plata 
U  plvcd  apoei  tb«  eolipile  (701)  containing  alc^ohol,  which  is  nicetj  ai4jujted  to 
s  perfect  loTei  by  the  icrewi  In  Ibe  iritagnlar  ba*e,  BUve?  is  etopi^yed  to  »Tnid 
Mm  fbrniatian  of  f  cales  of  oxjd  of  aop{>er,  which  would  inlerfen  with  the  ubt$er- 
ralii  i;  •  i-jsing  Ibemstlve*  t«  the  light. 

Vi\  .'-i  heated  over  lh«  Iftiap  ceiches  tber  proper  temperature,  a  (tor- 

lion  u4  n  J,;-  r     plawd  upon  itj  centre,  «ad  LmmBdlately  asiumes  the  rphCToidal 

42* 
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eoBdiUon.  Plaeiag  the  eja  oa  a  krd  witk  the  iuIm  of  th«  piat%  Mii  iMkkf 
thioagh  tb«  apcitara  ia  tb*  sidea  of  th«  tabe^  th«  Ium  of  •  eudk  iifpiiili 


may  be  dutincUy  teen.  Thi«  coald  not  bappen  if  tbe  liquid  vaa  in  contact 
witb  the  plate.  If  a  thick  and  heavy  silver  capsnle  is  heated  to  foil  wbiteneaa 
orer  the  eolipile,  it  may,  by  an  adroit  moTement,  be  filled  entirely  with  water, 
and  set  npon  a  stand,  some  seconds  before  the  heat  declines  to  tbe  point  whan 
contact  can  occnr  between  the  liquid  and  tbe  metal.  When  this  happens,  tba 
water,  before  quiet,  bursts  into  steam,  with  almost  explosiye  Tiolence,  and  is 
projected  in  all  directions,  as  shown  in  fig.  498. 

C97.  A  repolfliTe  action  is  exerted  between  the  spheroid  and 
the  heated  stuface. — ^Tbis  proposition  follows,  indeed,  as  a  conse- 
quence of  the  lost  It  has  already  been  demonstrated,  that  a  liqnid  does 
not  wet  a  surface,  when  the  cohesion  which  exists  between  its  particles  is 
double  of  their  adhesion  for  the  solid  (234).  This  adhesion  is  not  only 
diminished  by  heat,  but  a  repulsive  action  is  exerted  between  the  hot 
body  and  the  liquid,  which  becomes  more  intense  as  the  temperature 
is  higher.  This  repulsive  action  is  strikingly  demonstrated  by  the 
following  experiment  of  Boutigny : — 

A  few  drops  of  water  were  let  fall  into  a  basket,  formed  of  a  net-work  of 
platinum  wires,  heated  red-hot.  Tbe  water  did  not  pass  through  the  meshes, 
even  when  the  basket  was  rapidly  rotated.  But  when  the  metal  was  sufficiently 
cooled,  the  water  immediately  ran  through  in  a  shower  of  small  drops,  or  was 
quickly  dissipated  in  vapor.  It  would  also  seem,  that  vapors,  like  liquids,  are 
repelled  from  the  heated  surface,  for  Boutigny  found  that  a  hot  silver  dish  was 
not  attacked  by  nitric  acid,  or  one  of  copper  by  sulphuric  acid  or  ammonia. 
The  latter  substance  had  no  action  upon  either  iron  or  zinc  at  a  high  tempera- 
ture. Tbe  suspension  of  chemical  affinity  under  certain  conditions  of  high 
temperature,  is  a  fact  of  great  interest  in  the  physics  of  the  globe. 

COS.  The  causes  which  prodace  the  spheroidal  form  in  liquids 
are  at  least  four : — 

Ist.  Tlie  repulsive  force  of  lieat  exerted  between  the  hot  surface  and 
the  liquid,  and  which  is  more  intense  as  the  temperature  rises. 

2d.  The  temperature  of  the  plate  is  so  high,  that  the  water  in  mo- 
mentary contact  with  it,  is  converted  into  vapor,  upon  which  the  sphe* 
roid  rests  as  upon  an  elastic  cushion. 
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3d.  The  tttpcr  h  a  poor  eonducior  of  Heat,  ftsd  thus  preTeats  tlio  con- 
doottoti  of  hent  from  ibe  metal  to  the  globule.  Another  cauae  which 
prcTeats  t\m  liquid  from  becoming  higblj  beatcd  is,  that  iho  raya  of 
iiest  from  the  metal  arc  reflected  from  the  surface  of  the  liquid.  Thia 
is  ehowQ  hy  the  fact,  tliat,  if  the  water  be  colored  hj  lampblack^  beat 
is  absurbed,  and  the  evaporation  is  muuh  more  rapid. 

4th.  Emporaiion  fram  tJtc  suTface  nf  the  mdat  carries  off  the  heat  as 
it  ifl  absorbed,  and  thus  preyenta  the  liquid  from  entenog  into  ehalli- 
tion.  The  form  of  the  oblate  fpheruid,  Tpbich  the  liquid  asaumea^  is 
the  combiDod  result  of  the  cohesion  of  the  pnrticles  to  each  other,  and 
the  action  oF  gravity  upon  the  mass. 

630.  Fieeslng  water  and  metcmj  In  ted-hot  crucibles. — Thd 
remarkable  phenomena  of  freezing  water,  and  eren  mereurj  in  red-hoit 
crucibles,  are  striking  examples  of  the  production  of  the  flpheroidul 
|ittite  of  JiquidB. 

I  BQtitjgDj  plftc«d  m.  |vortIon  cf  Ikjuid  autpburous  neid  ia  n  red-!iot  to^sqI.  It 
ftisamed  tbi»  q)h«r»it]tLl  %\&ta  Imiriediatcly,  At  n  tcii)pt.>ratEirii  billow  th4t  uf  iti 
tbuUilioD,  Ibiit  below  F.  A  tittle  wat«r  placed  in  tbe  spheroid  becomei, 
tberefurc,  cooled  t^ctour  32°  F.,  ita  frooiiDg  point,  aad  ia  cud  verted  ialti  tee. 

FjiDidaj  placed  in  a  bested  eracible  a  miliars  oT  tot  id  carbonic  a<:id  and 
ttbcr,  wbkb  immediatety  assumed  the  ipbcroidal  atMe,  Into  it  WOJ  p1uDg«^d  % 
io«t«l  tp«on  eontaiaittf;  mnrcurir ;  almoit  immedUtcly  tnercQry  wiu  frotca 
into  a  iolid  loMi.  Tbe  tomperaturd  in  thia  caBo  was  prubahlj  an  low  at 
-^148*  P. 

700.  Hemaikable  phenomciiia  connected  with  the  flpheioidaj 

state, — On  the  principle  explained,  the  hand  may  be  bathed  in  a  vnee 
of  molten  iron,  or  passed  through  a  stream  of  melted  copper  unhnrmed, 
or  one  may  Btir  fused  glass  under  water  without  danger.  In  all  similfir 
cases,  if  the  temperature  be  sufficiently  high,  the  tnoisturo  of  the  Imnd 
uaumcs  the  frphcruidal  state,  and  does  not  allow  of  contact  with  the 
heated  mass.  If,  however,  the  hand  is  drawn  rapidly  through  tbe 
melted  metal,  contact  ia  mechanically  produced,  and  injury  follows  thie 
rmshDess.  The  finger,  moistened  with  ether,  may  be,  for  the  same 
fe&Mn,  plunged  into  boiling  witter  without  injury. 

70L  Expiosiona  produced  by  the  apbeioidal  state. — Tho  ex- 
periment iJlustratcd  by  fig.  499,  may  be  modified  to  illustrate  erplo- 
f«ion«,  sod  some  other  interesting  facts  conseqiient  on  the  spheroidal 
»tatc. 

A  copper  bolUe,  Dg.  is  bcftted  m  bot  u  pottible  ov«r  a  double  c^urrttit 
IdJiip,  Mil  In  tHi<  atnto  a  fowgrjiwaiet  of  pwre  wrat«r  in-o  intrrtduoed  by  a  pipeltc. 
^hv  wfrior  at  one*  a«iani«i  ttiv  tpberoSdal  voadUlufi,  atid  hvA  a  Lemp«r«turo  {m 
maj  bo  attcrUhinod  by  a  tbonnoiue'tcr)  below  that  of  eballitlon.  If  tbe  ti(Kilt 
c»f  tho  boitla  Ik  tiQW  tij;btly  eloac^d  hy  a  go^id  «ork^  tbo  eVAponLtiou  b  ja  kUgiit, 
that  Iho  prosisuT*>  af  tbe  v*por  within  U  wot  ltttmcdi*tdj  <uJ3Seiejjt  to  dri^o  out 
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Ifao  florb^    ir,  bowcrvr,  the  lamp  ii  withdrawn^  the  melitT  will  soon  «<!Ht'1 
eieijll>  Iti  allow  contact  of  Ibe  water  mth  il.    Tbcre  will  th«u  Us  to  suAAm 
civ'Dtulioti  of  11  large  roltimd  of  vapor  iiya  to  driro  ttio  cork 
from  liio  bottle  witb  m  loud  esptoaioa. 

Steam  boiler  explosions  may  fiomctimca  bo 
eipluiucJ  by  a  knowledge  of  tiio  prmciplea  licro 
lucUutod,  Tliu«>  whencTcr  from  any  cause  a 
defieiency  uf  water  ocours  in  ti  boiler,  as  ivhoD  the 
pumps  fail  of  a  supply,  or  when,  by  careening,  a 
part  of  iko  fluQs  are  laid  bare  wbile  the  fire  is 
uridimiaished,  a  portioa  of  the  boiler  may  become 
heated  even  to  redness,  Water  comitig  m  contact ' 
with  i^uch  ovcr-heated  sarfacei,  would  first  assutne 
the  splioruld^il  etute,  and,  almost  at  tbe  aexi 
instAut,  burst  into  a  Yolume  of  mpor  so  Buddenly 
as  to  rcud  tbe  boiler  with  frightful  Tiolence,  Numeroua  accidents  are 
on  record  whore  the  exploBion  has  been  so  sudden  as  not  to  expel  the 
mercury  from  the  open  gauges.  The  fact  that  eiplodons  Ojo  our  Ani»> 
riam  rivers  have  occurred  most  frequently  ju at  at  or  after  starling  rit>m 
ft  landing,  U  espli cable  on  the  vitiw  here  prase n ted  ;  the  vessel,  whiie 
landing  and  rcecivjii;^  freight,  bvin^  cureeuedi  so  as  to  render  the  c^po^ 
sure  of  Bonio  part  of  the  fluea  possible, 

702.  Familiar  illustiations  of  tbe  spheroidal  state,  and  effects 
of  the  spheroidal  state  of  liquids,  are  not  unfrcquent  in  coniinun  life 
and  in  manufactures, 

Tho  most  coiQoion  oxnmplo  of  tho  spheroidal  stato,  i*  that  of  il  drcvp  wnlcT 
iLlicatt^il  atciVL>,  wliieh  uiuvt^i  around  iu  a  iphnroidiLl  mus^  nloifly  cvu|«irAting:, 
U'bti  Uimilrtfs^  attflmioca  wbother  hor  fiAt-iroat  are  bt;»Led  BufBeicotly  Tat  tief 
purpuso  bj'  toucbiug  tho  fiurfaco  with  a  drop  of  «aliva  on  Ibo  Qngt-r,  If  ilf 
b'Xjadd  oIT,  tbfl  ir«ii  is  judged  to  1k3  Lcnlcd  to  a  proper  teBiperaluri>.  la  tlto 
tnatjuraeturo  of  window-glaaa,  coniitaiit  applicniion  la  made  of  th«  prificiiUM 
li«r«  explained.  Tb«  ai»aaBm  of  gia^n  Aro  £.nt  formed  iato  a  rude  faull(»w  eytin- 
d«r  hj  blonmg  tbem  ia  woodoa  moubli!.  In  order  to  prevent  tUa  cUjirTiii^ 
tbn  mould,  iU  iat^irmr  k  tuoistc&vd  with  water,  whkfa,  ajfuming  tbo  st^'hvtoiJljd 
aLaUs,  prot4!ct«  tbe  wood,  while  it  dues  tiot  ityurioiLBly  eool  tbe  glui. 

Saline  solutions  are  more  eBcacioua  for  tempering  «tcel  than  pure 
water.  Kow,  as  the  point  of  ebullition  of  saline  solutions  is  liiglier 
than  that  of  pure  water,  contact  between  the  liquid  and  tin?  ii»<?ial  is 
produced  eoooer,  and  tlius  the  eteel  ia  cot>led  timrc  (pilckly,  and  tho 
temper  is  better. 

Mdtud  tuotfthj  like  iron  capper,  nllow^Hl.  tw  fuH  into  nai'i  r,  fl"  »"t  ilir  nv  iliu 
water  mto  viobnt  cbutlitiuit,  na  mi|^ht  bo  supp^Jft-d,  tiul  Iu  a  brilllui  t  i  K  um 
id  tho  Hrfttoru  of  tbe  roe  Bid,  the  water  ia  coutact  wtth  ih^  metal  saeunilog  the 


1 10.  Tlie  ateam-Bogine. 
T03-  Historical. — The  principles  icvolTed  ia  the  conatrcictbii  and 
theory  of  the  steam-engine,  have  already  been  sufficiently  discussed. 
A  f^w  words  muat  nuffice  respecting  tlicir  pni^tical  applications  m  the 
discOTcry  and  perfeciiog  of  this  remarkable  muchmc. 

For  the  first  rudimeots  of  our  knowledge  of  steam  aa  a  motor,  wd 
must  go  back,  as  upon  many  other  so-called  modern  iDvetition«,  tt> 
S^^jypti  where,  130  years  c,  Uoro,  or  Ileiro,  descrihea  in  hia  Spin- 
talia  eeu  Pneumatiea,"  among  mnny  ottier  curious  contrivances,  what 
bo  calls  the  f  tlipile, 
704,  The  eoiipUe  is  a  metallb  vessel,  globular,  or  boller^shaped, 
taining  water,  and  provided  al  top  with  two  homout&l  jet  pipcSf 
into  the  form  of  an  S. 

"fhis  ti|)pamta?,  fig.  50(1',  ii  »uf^iidcd  orer  n  flame,  a&d  Wii;:^  frco  to  move, 
when  tli«  w&t«r  hoilf,  Uie  cteaia  rushing  out,  etrtkciji  ^gaitifit  tho  ii.ljiierfpb«r«i, 
and  tb«  feeoil  drivuf  the  fippRratus  around  with  great 
rapidity.  Tbis  if  i&  fact  a  dircct-Hction  ruLary  iUeim 
cngiDC,  and  undnabtedlj  lha  earliest  mL-chaniciil  r«iruU 
•chieTcd  hj  wtcam  power.  It  has  fjilc^D  been  ro-mrenlcd, 
in  DQiiihcrlcjsiS  formSj  in  modern  timc;^  In  ftn other  C'urm 
Ibe  eo1o{iil«  u  mado  to  tilow  hj  it«  jel  tbe  Qamo  of  a  latup, 
udin  tblR  the  bailer  la  fixed  and  fllkd  with  alcohol  In 
Hsof  water,  tfa«  jet  deioe&diog  through  the  Aamn  of  iha 
Wff  af  in  the  appjiratiu  ieea  in  &g.  497 >  Uero  di^»cril>cs 
alto  other  dovifci  vbcro  itcnin  was  the  moving  power. 

7U^«  First  steamboat. — Blasco  do  Oarnj,.  a  tea- 
eaptatn  of  Barcelona,  in  SpaiD,  in  1543,  moved  a 
Teftsel  of  200  tons  burthen  three  miles  nu  hour  by 
paddlca  propelled  probably  by  steam,  aa  tlie  movmg 
force  camOt  it  vrns  said,  from  a  boiler  e<>otaining 
water,  and  liable  bursL 

TStii  experirae'iit  was  made  on  tboi  17th  dnj  of  Jont^,  1543»  in  prcicnco  of 
ConUDiJiionOT*  appointed  by  the  king,  Charla*  V-,  whose  report  Mcnrcd  thtf  faror 
uf  ibe  crown  to  iJia  projector.  But  what  i&  ttnaecfjunluble,  cotbiat;  mora  cTCf 
eune  Tt^na  tbi»  itogular  luccc^s.  Do  Qarnj  probsbly  empWycd  nHoro's  eolipito 
otk  A  large  s«ale,  aa  Ilcra'e  work  aboFA  named  wa«  about  that  tiai«  trafislAtcd 
Into  ieTeral  lan^agea  iwrd  gcnerftUy  diJTaied^  Pafsing  the  early  efforts  of  Bnp- 
liita  Port*  Olid  He  Cuus  {  a.  n.  1615),  of  Braneha  (m  M29),  Ollci  V.  aucnck 
(10:^D),  and  Hm  Martiuin  of  Worcester  wo  come  to  tho  flrit  cfficicDt  itcum 

^p«faltt«  (that  cif  Sdvaty). 

70(S.  Salary's  engine. — In  W)B,  Ciipt.  ThoH.  Savary  ubluintd  a 
jmicnt  "for  ratBtog  water  and  occasioninf^  ttiotions  to  all  kiiidH  of  mill 
work  by  the  impellent  force  of  6re,"  His  apparatus  can  hardly  be 
called  an  etigiDC,  or  mochise,  elocc  it  has  no  moving  partd. 
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To  Bupplj  the 


Fig.  501  iB  Sarary's  engine.  Two  boilers,  L  and  D,  are  eonneeted  togeUier 
by  the  pipe,  H.  Two  ''condensers/'  P  and  P',  are  eonneeted  with  the  larger 
boiler,  L,  by  pipes  entering  at  top  of  both,  and  capable  of  being  altemaidy 
shut  off  from  the  boiler  by  a  ralre,  moved  by  501 
the  lever  Z.  By  two  branch  pipes  beneath  the 
condensers,  commanication  is  established  at  plea- 
sure, by  the  aid  of  the  cocks  1,  2,  3,  4,  alternately 
with  the  well  by  T,  and  the  open  tax  by  the  outlet 
pipe  8.  The  boiler,  L,  being  in  action,  the  eon- 
denser,  P,  for  example,  was  filled  with  steam,  the 
oocks  1  and  3  being  closed.  By  moring  Z,  the 
condenser,  P',  was  next  filled  with  steam  also, 
cocks  2  and  4  being  closed,  and  at  the  same 
instant  cock  3  being  opened,  the  water  rushed  up 
through  T,  to  fill  the  racuum  occasioned  by  the 
condensation  of  the  steam  in  P.  The  lerer,  Z, 
was  then  mored  to  close  P'  and  open  P  again  to 
the  boiler.  Cock  4  now  admitted  cold  water  to 
P',  and  cock  1  being  opened,  the  direct  pressure 
of  the  steam  from  the  boiler  forced  the  water 
out  of  P,  in  a  stream  through  the  discharge 
pipe,  S.  The  water  in  P'  was  also  discharged 
in  the  same  manner,  and  so  on,  alternately,  each 
condenser  was  filled  with  cold  water,  and  agun 
discharged,  maintaining  a  continuous  stream  of  water  from  S. 
waste  of  water  in  the  boiler,  L,  the  contents  of  the  smaller  boiler,  D,  were  from 
time  to  time  forced  by  superior  steam  pressure  into  L,  through  the  pipe  H 
(provided  with  a  valve  for  that  purpose),  reaching  near  the  bottom  of  D,  whose 
capacity  was  such  as  to  fill  L  to  a  suitable  height.  The  boiler,  D,  was  then  re- 
filled through  the  pipe,  E,  from  the  supply  box,  X,  attached  to  the  discharge 
pipe. 

All  the  details  of  Savary's  contrivance  show  a  nice  adjustment  of 
means  to  the  end  to  be  accomplished. 

707.  Fapin'B  steam  cylinder,  Newcomen'a  engine. — Denjs 
Papin  (Prof,  of  Mathematics  at  Marburg),  whose  name  is  connected 
with  the  high-steam  digester,  suggested  in  1C90  the  use  of  steam  to 
produce  a  vacuum  in  lieu  of  the  air-pump  before  used. 

For  this  purpose  he  constructed  the  cylinder  of  sheet  iron,  and  built  a  fire 
beneath  its  bottom,  to  boil  a  portion  of  water  there  placed.  When  the  cylinder 
was  filled  with  steam,  the  piston,  before  held  up  by  a  latch,  descended  as  the 
steam  was  condensed.  No  practical  result  followed  this  clumsy  contrivance,  on 
which  Papin's  countrymen  rest  his  claims  to  be  considered  as  the  inventor  of  the 
steam-engine. 

Thos.  Newcovex,  in  1710,  first  put  in  practice  the  use  of  a  cylinder 
and  piston  in  the  steam-engine,  in  which  the  steam  was  alternately 
admitted  and  again  condensed  by  a  stream  of  cold  water.  This  engine 
operated  against  the  pressure  of  the  atmosphere,  and  was  effectual  in 
only  one  direction,  t.     it  was  a  single  acting  engine. 
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708.  The  atmoaplieric  engine  is  well  illuatrated  by  the  apparatus 
ebown  in  fig.  502,  whlcii  contrived  hy  Dr.  WolJaaton,  to  show  tlie 
tiiiture  of  Pftpin'a  cjlinder.  a*2 

A  pUai,  or  mctallifl  tube,  with  ft  bulb  to  bold  WAtor,  Si  fflttcd 
«ilh  *  |ii0tnti,    Tbia  pt«t<iii-rod  is  hollow,  adJ  et4»i«d  n 
l|^»erew  »t  a.    This  icrew  ii  looiMDetl  lo  Htliuit  ibe  escape  of  tbe 
^■kir,  ADd  ibe  water  li  boiled  orer  a  liiiup  :  u»  suuti  »«  tlie  ttvtm 
If  belief  tfce\y  froto  tbo  op^n  end  of  tbc  rqd,  tbc  tcrcw  is  light- 
«li«tl»  dttd  Ibo  prcfsurc  of  tbc  Etcnm  then  miiea  thir  ptitoti  to 
the  top  of  the  tube,  tbo  «xperimcTiit«F  witbdrawi  it  from  the 
luitp,  the  tt«ftiii  is  condunsed,  and  tbfi  air  pr«««iQg  on  tbo  t«p 
of  tbe  piAton  r<»rc«t  it  down  0g»tn  ;  when  Ibo  operation  maj  b« 
repeated  bj  mgiiiii  bringiiDg  it  over  the  lamp. 

Id  all  tba  esrlj  ateam-eoginca,  the  ctcnun  wa«  eoBdentcd 
Wk  WitbtD  tbe  cjlind«r,  ciiher  by  wst«r  applied  extemiillXf  or  bj  k 
K  j«t  9f  wi»t«r  thrown  directly  into  the  oylinder.  It  is  tefy  obvl- 
^Aoaif  that  *  great  losa  i>f  (awl  and  lime  waa  thos  iDfolred  id 
^vbringin;  the  ejUndcr  up  %gmn  to  212°,  before  a  teeood  «troke 
Wr  could  be  wado. 

EmwcQUcH  and  SkeAto^  conatructed  rery  large  eugiiiBS,  bowoirer,  on  thia 
priDciple^  aod  applied  th^ir  power  dir«etly  to  %lio  pumpinj;  miaea,.  Although 
gmeaton  iiitretdu«td  an  ito proved  kiud  of  tnerbstiipii)  work  i^ad  many  improrct-^ 
amta  in  minor  details,  aJid  bt<Lter  iKiilcrJi,  bo  ^ac^c^eElL^cl  culy  in  raising  th« 
»Ter»£e  dotj  of  ttiMUB-cfzglties  from  nboat  lire  and  a  half  tniUtoxiA  of  poundii, 
fiited  on*  foot  by  a  bui^bel  of  co&l  (SO  Ihs.)  burnci],  to  aboot  bine  and  a  balf 
millioDiBj  in  bis  best  caj^iDcs.  A  goad  ptimping  iiugine  now  ralsea  frotn  ninety 
bo  one  hundred  *nd  thirty  milliooB  of  pounds  for  erery  bushel  of  coftl  hnroed, 

709.  Watt's  Improvements  la  the  «team-ea§iiie. — The  Btc&m- 
engioe  a»  it  wa^  left  by  Smeaton  y^-as^  tia  we  have  Been,  only  a  ateam 
pump,  confined  to  tlie  single  function  f>f  raising  water,  a^nd  locflpabt^j 
of  general  fi»e,  as  well  frota  its  imperrections  from  the  onormouB 
cost  of  fuel  it  reqairod^ — Watt,  in  1763,  was  a  mnker  of  philosophical 

^^instrunsenta  at  Olafigow,  and  hod  of^caaioD  to  repair  a  model  of  the 
IPlCewcomen  engine.  The  study  of  tljla  maehiu©  nod  its  defects,  led 
Watt  to  construut  a  new  model,  in  which  the  steam  was  condensed  in 
a  separate  ?es»eU  in  connection  wUU  whi^sli  he  eubs^equently  found  it 
adTantageoat  to  use  an  air-pump— to  aid  in  kecptog  tbo  vacuum  good, 
w  it  wot  otherwise  vitialed  by  atmcwpheria  air  kakirig  in,  and  coming 
from  the  water  of  the  boiler.  These  ideas  were  mtitnred  and  retvlixed 
in  1765,  and  in  1709  ho  look  out  his  patent^  in  which  all  the  essential 
features  of  our  m<iderii  steam-eDgincs  arc  included.  In  connection  first 
with  Mt,  Roebuck,  of  Carron  Iron  Works,  and  eubsequeutly  with  Mr. 
BouUoti,  of  Soho,  he  put  hia  ideas  in  practice,  and  by  reserving  to  the 
pateoteca  one- third  part  of  the  Aaving  of  fuel  effected  by  hia  improve- 
metilSt  genius  was  rewarded  by  tbo  accumulation  of  a  priacely 
fortune. 
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Wstt'i  Invention  of  low  presflu HI  con  JEUiing  esgmci  ttandjj  wUliOQt  ft  ii«nlle| 

In  tbo  bislury  of  science  for  tbe  perfect  rcatuatioa  o{  all  Lbo  condltiiQai  of  thi 
problemi  to  bo  Solved— tli«  perfect  maitcry  of  tbe  lftw»  of  natitre — tU«  DM 
of  m&ttor,  by  wbicb  they  wera  aocompliattedi  and  tbe  tliQfQUgb  esbditfllioti  of 
Iht  enbjcet  CTcn  In  ili  minutett  detaili,  so  tbo.*.  to  thJii  day  wo  Imve  do  mtf  mro- 
motit^  in  tliis  maehiQe  inftilvitig  &  singk  principle  uaknawii  ta  Wmtt,  In  Lb 
beaut;  mid  tHirfcction  »f  mocbaBicol  wark,  in  size  of  partj,  sod  lite  «ljen^tb 
Of  boUors,  we  baro  macbiaea  greatly  iupcrior  to  any  Watt  ever  *hit,  bnt  it  wai 
Mt  gtntus  tbai  rou Jerod  iboso  perj'i.'ctidii$  poasiblt^^  and  supplied  the  very  power 
by  which  they  havo  beon  worked  out. 

710.  The  low  presauie  or  condensing  engine. — The  low  pt«9- 

(jure  engine  is  cinplojed  in  all  Bituatioaa  where  economy  of  fuel  and 
the  b<?flt  mecbanioal  effect  from  it  ate  the  ruling  conaiderationft^  iknd 
where  lightnqag  and  simplicitj  of  conatruction  is  unimportatiL  Thi« 
inachmo  now  rcmaina  almost  exactly  as  Watt  kfl  It>  Owing  to  the 
nearly  perfect  vac uuai  obtained  in  it  by  the  condenser  and  air-pump, 
niiioh  less  pressure  of  steam  is  required  to  produce  a  giveQ  mechanical 
reault;  tf.  (7.,  if  the  vacuum  ia  e<iual  to  fourteen  lbs,  atmosiplieric  pres- 
sure, then  a  B  tea  mi  pressure  of  six  lbs.  would  giTO  an  efficient  moving 
force  of  twenty  lbs.  to  the  machine.  Hence  the  propriety  of  tbe  term 
'^lofT  pressure''  engine  but  in  practice  it  is  found  advantageous  to  use 
higher  pressures  in  tbo  condensing  engb^s  than  Watt  ever  contem- 
plated. 

Fig^.  SOS  is  a  de'Otion  of  the  cylinder,  A,  coadeiiHer^  e,  atr-ptuapi  bot  &nd  ebid 
woll,  and  a  Tiew  of  the  most  impof  taat  attaehod  part«  of  a  lUDdcrti  tfonduDiLiig 
oDgiQi},    Tbe  cylinder,  A,  if  a«ea  receiving  Alcam  at  tup  lUroagb  tb«  Ibrotlli* 

&0S 


( 

I 


vakr.  having  down  Iho  piftnn,  B,  with  its  rod,  C,  A  strewn  of  culd  wat«f 
injected  into  tbe  eoa denser,     liai  compjistely  condcasod  all  llie  r««lduAl  iteui 
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Qif  l&«  rormcr  slrake  wtiieb  tiu  fautid  iti  WBJ  from  A  by  the  «i!uctJoQ  «f| 
19  tl:i«  piltoa,  B,  h  dtanmuding  into  *  ttctttiy  perfect  VAcanoi  (fifl).  Tha 
bot  wiiter  of  tbij  «<iQ4eas«tion  ia  contlaotly  dm-wti  off  tbr*iu;;b  the  ralTe,  it,  by 
the  ftir-pttiii|i  wboati  Tmlres,  ii',  riso  to  mllow  ltd  Huw  io(o  tbe  hot  wl^II,  ij  wbtsncQ 
tt  flodji  itj  wjL^f  aoticited  by  the  plunger  pamp,.  to  the  boilcri  by  tbc  fipe,  P, 
Bsd  it*  ralTi!*,  Tbe  eold  water  pump,  suppli««  a  ste&tly  ttrcout  of  cold 
mnijet  by  tho  »poat,  r,  l<j  lh«  cold  well  By  the  Ltnao  thu  piston,  has  roiiched 
iu  iowvsl  point  ©r  de«ceat,  tho  ralro  rod,  V,  naJ  ecueoiric  bar,  S,  bar*  mured 
g0  aj  to  open  the  lower  ateant  porta  and  rtirerec  the  directioD  of  the  pistOD^ 
wbcu  tbo  iteam  abore,  is  ia  its  turn  taken  into  the  condeDiar,  by  tbe 
appropriate  ehatinet*,  «Jid  removed  as  already  explaiuiHi  for  ihe  dowftwaril 
ffUruke,  Thfi  t^i»toft  rodr  C,  ud  v»l?«  and  pump  rodt,  am  ooaneeLed  aWa 
If  lib  tb«  groat  workin^-beaia,  whose  further  extremity  eoatcya  th«  pawer  of 
lb«  eagiae  by  tlie  pitman,  Q,  throagb  the  Crank  piD,  II,  U>  tho  main  sbafl^  Kf 
OD  wbicb  u  tih«  1!jr-wbc<ul,  to  ateadincai  af  motioD  to  tbe  whole  app*' 
ra(u«.  The  arrows  ihow  tbe  mcitlan  of  these  parta  aa  tbi^  pbton  deacenda. 
The  gurernor,  controls  tbe  tbrottlc-irnlve,  a,  by  oaiineclii:^(ia  not  ah  own  in 
IbiJ  dlrawing> 

711.  The  Mgh  pieBsnre  en^iae. — In  this  moctiiao,  the  c&cftpe 
st«ftai  h  driven  out  against  tlie  pressure  of  the  attnospticre.  mid  no 
•tiempt  is  made  to  utilize  It^  eapOicUy  to  form  a  vacuum,  caDaequeutly 
Um  form  of  apparstiu  could  Ixr  used  m  ^etl  wkti  candcoscd  air,  or 

er  ela.sttc  fluid,  its  with  steam,  if  therms  was  anj  other  that  could 
«  in  economy  with  iL    Tbo  Jlgbtnegs^  Biniplicitj^  and  low  coat 
of  the  high  preaaure  engine,  make  it  ttvaila- 
tte  in  ipite  of  itii  uneconomical  ub-c  of  steam, 
m  man  J  Bituotione  where  a  condensing  en-  [ 
ji^ne  wottld  be  nnaTailable. 

TUo  stfrAju  arrtreB  by  the  pipe,  Z,  fig.  504,  to 
the  iteam  obe*t,  R,  and  ia  admiKe^l  altematrly 
hy  the  porta  e  J,  ti>  tbe  top  and  botti^m  <i^r  tbo 
eyliador,  A  A,  aj  the  ralve  rod,  acUmtfed  by 
tbe  epceolrie,  /,  on  the  mais  abaft,  opens  and 
•btita  tbe  purU  by  the  slide  Talre  in  K.  Tbe 
caeapc  rt^am  make*  Iti  exit  throagfa  q  io  the 
ati&o«pber«.  The  pitmajij,  P,  eonveji  lhi>  motion 
of  tbe  pUtuD,  C,  bo  the  erankj  Q,  and  the  main 
•haft,  OS  which  ii  tbe  large  fly- wheel,  Jt,  to 
aeeimialate  mfimeDtam.  The  flow  of  aU^am  ia 
re^flUted  hf  tb«  foveraor^  V,  whose  balls  fly 
out  with  tbe  eeatrifttgal  force  of  a  more  rapi4 
mvtion,  a»d  by  ih*  rod,  A  h,  eloae  more  or  ht9 
lliroUi«'ralre,  t,  which  regalaLos  the  auppty 
iUcid;  the  pump,  oo,  aopplica  ifai«r  to  tbe 
'er,  aad  it  mored  by  the  rod  and  ecccutric,  y, 
vo  tbe  mala  ihaft. 

712.  The  cat  off.— The  supply  of  steani  both  to  the  high  and  low 
uns  eiigme  is  farther  regulated  by  a  eontriTanc©  called  tbe  cat 
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off,''  whicli  may  h&  set  to  cut  off  the  flow  of  steam  entirely,  or  at  wiy 
poPtloQ  of  the  atrtjke,  09  otio-half,  or  one-third.  The  expanBioii  of  tbe 
»tf]xm  theti  corapletoa  the  work,  md  grml  economy  of  fuel  \a  found  to 
follow  its  use. 

713.  Steam  boilerB. — The  furni  of  Btcam  boiler*  varies  very  much 
with  the  purpose  to  which  thoy  are  to  be  applied.  Oo  land,  largo 
boilers  ma^  ho  i^afely  usedj  which  would  be  whuUy  vuludeas  at  eca,  or 
on  a  locomotive  engme. 

Ptnto-iron  ^trotigly  rimted  uid  brocciK  U  the  m»t«rijil  t^ombiniug  tlto  j^realurt 
ecu  DO  my  an  J  Btrcngtb.  Copi>«r  can  be  utcd  eoly  wben  lhe»  fuel  con  tain  •  tMif  ful- 
pbar,  and  ia  th«  boat  taat^riid  to  rostst  ijorrridlrfs  ugciita,  f^itupli!  ejlbdi^d 
bgilors,.  luid  boriiontallj^  with  a  ftro-lluo  undur  the  wb<*!«  ttn*er  «itrf4£«,  m 
cummonlj  used  Rir  bi^h  pressures.  Wbcu  ttiea«  are  mAdo  largo  vnoii^b  tn 
nn^iv^  tho  furaoces  vritbm  t^nd  distfibute  tho  b^tlt  in  mterior  fluiis,  ibcr  mr« 
@allod  Corobb  botl&ra.  Wben  Ibtiir  60^ 
eoDitrucrtion  i»  slill  further  naodi- 
Qedr  wiLh  rcfcrcnct)  to  tlio  greatost 
poasibk  iiiQreu&sy  of  fir«  sarfiicQ, 
Ihfly  Birc  culled  lodomiitive  boUisrij 
OA  in  tbe  annexed  figure,  $05 ; 
which  is  Lbe  common  locomotive 
boilctr  locn  ia  section.  D,  is  the 
ft'cd-dour^  for  fucil  to  tbu  furnacA 
or  Bro-box,  A,  whicb  eomtBuni- 
cuto*  by  btitnoroud  ttaaM  U*>ri- 
EDDtnl  tubes,  enttralj  ffnrroittidt^i] 
by  wutcr,  with  tbo  btt?e  tJia 
ehiwney,  B,  into  wbieh  Iho  bla.it  of  cjthmsi  sUijim  from  the  en^ne  h  driven  «| 
K.  Et  Is  the  etoom  cbmiibcr^  where  a  trumpet  tube  in  lbe  dumv  cojiveyf  tb« 
dry  £ti»iun  on  iti  way  to  tho  ryHudi-r  tlirGiigb  F.  Rtoam  botlers  jltq  fupptitd 
with  bot  wiLt4sr  by  a  force  putop,  acid  gmigo  c?uek*  indiealc  the  wattir  IctirL 

714.  Mechanical  power  of  ateam.— Horse^power, — A«  Ateam- 

ODgineB  wore  origiriivlly  empluycd  to  tnkc  the  phice  of  horses  in  rftlahig 
water,  it  was  natural  to  estisaiate  their  power  hy  the  ruimlmr  of  nniinnU 
they  rppl.icc«d.  Tho  vuUic  of  any  force  is  torreedy  alii  foil  as  the  iiutn- 
ber  of  pounds  raised  one  fuot  high  in  a  given  time  (f^jot-pounds).  An 
the  use  of  steam  became  geneml,  the  term  home-pKfwet'  vraa  retained* 
bat  its  uao  was  restrict etl  by  Watt  to  niejin  33,(K)0  lbs,  riiiacd  one  fuot 
[>ar  minute,  or  nearly  2,000,000  lbs,  raiseil  one  foot  per  hoiur. 

As  on*  eiibie  foot  of  water  cunvcrlot!  into  steBtn  yfcMs,  tn  round  nnmb«ri, 
170(1  Oubie  incbea  of  v^por,  itt  uicehjunioal  tffbc>t  at  attn^^mpburip  |JiV!<^»un<jir  ti 
CHtjitivtik^nt  lo  raieiitiirf  14  lb*.  1700  i&cbi3«  (<iv  H2  feet)  In  n.  t«b<k  of  otii?  iocli  area. 
But  15  ibi.  raised  H2  feat,  ia  tho  umnii  thUg  H9  H2  loo**  15  lbs.  rabml  ooefrtot, 
or  3130  lbs,,  or  notrly  n  gross  ton.,  Tho  total  uorbaoiral  fMtcc  dAveluprd  by 
cliaDirini^  ono  cubic^  inch  of  naiBT  into  i7M  «ubics  inebisa  nf  stvata  ii,  thc'reforf', 
utittrly  ono  too,  Only  M  ot  70  fmHS  of  thU  poircf  are,  liowever^  r«gard»4  a« 
Atftuallj  aTailabli!  in  u*%  dodnctjag  f^'ifrtinn  autj  lo«i  from  other  «auiML  Tt* 
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fore,  th«  erjiporiition  of  fl  imhie  foot  of  ir*t*r  In  an  hour,  ani^cct  to  tbb  dedttclion, 
t>*ft  f"H  TitTvs  of  KlKMtt  lOOtf  cubic  inches  of  Wfrtor  converted  Lato  st«atDj» 
u  dt«  vxpreiTJitun      Oae-JHirrite  pi»wer  (rit.,  33^000  Iba.  X  L,9a0,000  Iba.), 

or  Dfrfirl;  3|(/U0,000  iba,  Tiisoit  on«  foot  Thi»  it  a  iDm<!Trh&t  rough  spp^foxiiUA- 
liotti  but     gitflH  cinnAtJknts  enuiljr  r«tnciiihered  sind  mlQci^pUir  near  tbo  irqtfa. 

A  buUer  tit  uuQ'bnnrJrcU  burse  power  moaai,  the%  m  boikr  capable  of  orapo- 
tAting  100  cubic  feoL  of  Wklor  per  bour. 

ttt  |»rjM*tiev,  it  U  commDQ  to  alluvr,  la  Wgi^  land  ^ogmH,  far  evarj  horsa 
|M)wer,  cme  anumi*  fuot  of  fire  bun  in  tb*  gr»t«,  ibree  cubic  feet  of  famine 
rnQUi,.  ten  cubic  feet  of  water  ia  Iho  builerj  and  ten  cubic  feet  of  utenoi  cbamber. 
Id  locomotiTCi  bud  atcAmsbipi,  theae  proportionA  rarj  very  mueb, 

715.  Bvaporatiog  power  and  value  of  fuel. — In  Engktid,  engl- 
6i»ti(nate  ten  pounds  of  bitunijoous  coal  for  every  cubic  foot  of 
water  (i,  e.  ^verj  htyrtm  power)  to  b«  evaporated.  In  carefully  coH' 
Btructed  boilers,  however,  thi«  effect  ia  produced  by  ioveo  or  eigbt 
pounds  of  coaL  la  the  Corobh  bf>ilers,  where  arery  large  evuporating 
•urface  ia  allowed ^  §ve  pounds  of  coal  odIj,  and  Hometiaie:g  less,  are  used 
per  borse  power.  In  the  United  States,  an  tit  rocite  coal  arera^es  ten 
poonds  of  water  evnporatotJ,  every  pound  of  coal  burned.  This 
would  give  6  25  lbs.  of  anthracite  for  each  cubic  ftx*t  of  water  OTapo- 
ratdd.  A  well  regulated  current  of  vapor  conducted  over  the  Eame  of 
bituminous  coal  by  Dr.  Fyfc,  raised  tlie  evaporative  eScot  produced  37 
per  cent  ftbo?e  what  waa  obtained  from  the  unassisted  coal.  Tbia 
increase  h  due  to  tbe  de^tnpofiition  of  the  steam  by  the  hot  fuel,  and 
the  consequent  effect  of  the  pure  oiygen  on  tlie  carbon.  Well  reasoned 
wood  (beech  or  onk},  still  containing  about  20  per  cent,  of  water,  and 
well  dried  peat,  have  ubout  equal  evaporating  power,  and  are  only 
nbout  two-fiflha  as  elective  au  an  eqaal  weight  of  ordinary  bituminous 
ctoal. 

Wetter  b*»  obfcrvcd  that  thota  quonttttea  of  a  comlittJtiMe  body  which  reqtiira 
u  eqijil  umiffunt  otoxfgca.  ftir  cf^ipbustlon,  erolve  alao  equnl  qaantitiet  of  b«t; 
aitiiauf  b  later  researches  ibow  this  ennclDiioo  not  to  be  itTietly  true,  it  It  fup- 
|p«rt«d  hf  many  facU.  In  all  caiei  of  oooftbo^Uon^  Ibo  aetioo  i«  reciprocal ;  tbe 
'os7g«a  U  burned  in  thu  fuel  m  truly  tui  tbe  fuel  by  tbe  oxygen,  and,  therefore^ 
lh«  t%m^  111110401  of  b«at  i«  g«oeratisd  by  a  given  amuunl  of  oxygen,  wfaetbcr  Id 
eoQirtrtiftg  earbon  into  carbonic  acid,  or  bjdroj|;en  into  water.  To  burn  on^ 
|)arl  of  carl>un,  refjuircf  2  G€  parti  of  oxygen  {CO,  =  16  ~  8  3  60),  and  to 
born  Dae  part  of  hjdrbgen,  requites  S  parta  of  oxygen.  It  bai  been  proved 
«;(p«rimc!tit«Lljf>  (by  Rum  ford)  that  73  part*  of  water  are  rnbvd  from  3J°  to  212** 
by  barnijig  ooo  part  of  carbon,  while  one  part  of  hydrogea  «o  burned  will  r»hc 
356  1  pBrt«  of  water  tbr»>ifgb  tbe  same  degrees.  It  theftfore  foUowi,  tbaC  one 
pan  of  otygte,,  bdming  rarbrtn,  will  beat  73  -7-  2  66  e=  parta  of  water 

frt^iu  .1?°  to- 211!°  ',  end  a]«o  tbal  tbe  laoie  quantity  of  QxygeD,  in  bumin^ 
bydrogew,  will  bent  350  4  1-8  «  t9 M  part*  of  water  through  tbe  Mi»«  degrwiu 
Thir  healing  effect  nf  tt%jgen  may,  therefores,  be  awaiQcd  to  be  30,  or,  in  utiita 
of  boaLiiiji;  |j>>wDr.  ^tOO. 

If  tht  boating  effect  tf  part  eirboa  Im  Ukkm  at  naity,  the  relallre  beating 
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e1f4:4>t4  of  ooTDbtiJ!tiblc9  will  riLiige  u  follows  for  equml  wciighti ; — bjtirqfiaf~v; 
rcgfltivble  piI,  1-15— I  22  j  (jlb&r,  1'02 ;  eivrbon,  1 ;  wo»d  cliMponl.  O  t)C; 
0*86;  good  c«al,  W-77  j  drj  wood,  woi>d  (with  20  ptr  tcnL  wulcrj,  (J-35f 

D-33-^'38«— (Knapp.)    Comparo  ^  '53. 

The  best  espftusivo  stenm-engiaea,  it  is  calcuktoil.  give  l»aek,  in  the 
form  of  mechanical  work,  oulj  about  IB  per  cent,  of  Uic  lieat  gcuemled 
hj  the  fuel  burned  in  driving  them. 

Frof.  W,  R.  Johnson  ("  experimeota  on  coal»")  aod  others,  ftfgue, 
OB  the  reaalt  of  (experiment,  that  the  total  amount  of  rarbon  in  a  fueJ, 
ia  the  meastiire  of  its  practical  evaporative  power.  Ilia  rc^ultei  verj 
tiearl^V  sustain  tliis  view.  Ifo  fuund,  also,  that  about  86  per  cent,  of 
the  total  heating  power  were  expeoded  in  evaporating  water,  and  about 
1-1  per  cent,  were  lost  In  the  prod  acta  of  combuiitiou.  Of  the  total 
heating  power,  by  calculation,  about  2G  per  cen  t,  were  lost  in  practi(;e, — 
OS  deduced  from  the  experimental  effects  aUted  in  his  Inbles. 

f  11.  Ventilation  and  Wanning. 

L  VENTILATION, 

TIG.  Cairents  in  air  and  gaaes  depend  upon  principles  which 

have  nlreadj  been  fully  explained, — ^bnt  the  subjectJi  of  ventilalloti  and 
artificial  heatiog  are  of  such  great  luiportaoco  in  daily  life,  tJiat  thej 
deroand  a  brief  and  separate  consideration. 

Currents  arise  in  air  from  differences  of  temperature  ond  variations 
of  presaure.  The  perfect  freedom  of  movement  in  air,  renders  its  fluc- 
tuations from  these  causes  ittcefi^ant.  If  the  air  was  visible,  everj 
eaudle,  gos-li^bt,  stove,  furtmee^flue,  and  human  body,  would  be  seen 
to  be  the  eentre  of  an  ascending  s&fl 
column  of  heated  air,  whoso  place 
was  constantly  supplied  by  other  and 
colder  particles. 

Oo  tbo  Uw  of  tho  equiliVrlutn  of  flu- 
ids, tbcr  MOtmding  cnrronti  must  isdute 
otliors,  dciEc«Dding  aad  horizootid,  and 
thus  a  circulutory  jjaotion  Is  fmpartc-d, 
erea  hj  a,  einglo  liglitud  t^nDdlo,  iu  the 
whole  gMcaaa  cablQat^  of  b  qaict  i.pari- 
tufsttt,  Tbcao  currcDta  made  vijiiblo 
wbonaver  ibe  eautlte  tmokotf.  If  the 
door  of  n  healed  ftpftrttueiil  ttanda  tijiir, 
UtvJ  n  cnndlii  is  bdd  near  the  top  craek, 
GjC.  jOfi^  tbo  warm  air  at  ihv  room  li  itoa 
to  draw  outwards,  carrying  the  flamo  with 
It,  aod  a  corm^potidiDj^  euld  eiirrest,  rf, 
iluw#  in  at  tb«  botU>ta,^ — while  a  poitii, 
b,  will  b«  foand,  ntdwaj  tU  hBighl,  whcra  tho  {.'andla  Bvae  U  nadklsirbed^  So 
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t,  pmr(1]r  opea^  nUl  oceuLon  »  drtnfT^i  of  eoot  sTr«  blowing  la  ftt  th4 
lUa  cii>tiiiDg«  iLud  a  Gompen««lU]g  wurrn  current  will  encnpu  oatwiLnlij 
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This  coastant  inUrcfaange  of  motion  in  anequatlj  heated  masses  of 
atr,  while  it  soon  poisons  the  confined  atmosphere  of  a  close  apftrtment, 
wber«  nianj  peraons,  with  or  without  lights,  arc  assembled,  also  euppUoa 
tbe  &LBJ  me&ns  <»r  curing  one  of  the  greatest  evils  of  civiliied  comma- 
tiities. 

717.  Dran^M  in  chimneys.^ — Chimnejs  draw  because  the  prodnQts 
of  combustion  discharged  into  them,  aso  epeciticaUj  lighter  than  the 
outer  air.  The  column  of  heated  air,  C  D,  fig.  507,  ri?ics  with  a  velocity 
pn;>|H)riionate  U»  the  exeess  of  weight  in  a  column  of  the  outer  mr,  A  B, 
of  the  aama  area  and  height.  The  lawa  of  fitlling  bodies  (71)  ftpplj 
to  ibis  cue  in  everj  particular. 

ftappnircs  ftrr  ezucpte,  a  cbtnincj  i«  18  fvnt  Itlgb,.  And  tlia  gmacii  m  it  aro 
b«*t(>d  U>  100^  F.,  the  tjiiter  air  bcin^  T0°«  Tiio  cod  tallied  coianiD  wou1<l,  tbcr«< 
fort  1*01),  cipund  ■  nl'"!*'  j',th  of  if 3 
origiuiLl  bulk  at  70°.  A  rntuma  uT  10  fimt  of 
«uch  *ir  woiiM^  tb(^^(^^o^e,  be  rcqinrud  to  coan- 
t«rb»{»tie9  ptie  of  1^  l^ut  high  in  ib«  <uxt«r* 
Eld  air  ftt  70^,  and  <»f  iha  iMime  area.  Tha 
bfrktL'd  air  wUJ,  tbererorv,  rise  (for  the  time 
rv*««>ii  that  A  bftllooD  riAci),  wilb  a  rdocity 
equal  to  thai  required  hy  abodj  falUog  through 
O0«  ft^ui,  *  fpA««  cquaJ  to  the  dif^arcnte  la 
beigbt  of  tb&  two  ctilmmus— <»f  ^jiini  iwiVjjAf. 
Tb«  tawd  of  g:rBrit7,  ibcrerure,  lupplj  tbe 
neuii  of  calculating  tbo  tl]<^o^(^t.^cnl  vvlucitj 
of  tbe  a«ceii<itDg  culutnti,  and  *tf  cuiir£«  Ibat, 
wUb  Lhc  iLnsiki  of  the  croM  secUon  of  tbe  flno, 
will  detcrmtno  tbe  quantitj  of  air  passiDg 
Ibrottgb  tbe  cbimspv  iu  a  glvcti  tiinn.  Bat  the 
rrlrlioa  of  the  air  ag«in«t  tb«  «ide«  of  the  Auoy 
»od  tbe  raryibg  densitj  of  tbe  productt  ef 
««nibuflti<»ia  compered  witb  air,  dlmitiLsb  thv 
theoretical  Telocity,  and  it  m  muni  to  allow  a 

dedactioa  of  ooc-fuurlb  fttr  ibcsc  caiiees.    Tbo  following  rule  will  be  fvuod  to 
a  fujlSKieDUj  eiact  praelkal  eijireesioo  ©f  tbe  t^clocUy  of  air  in  ^jbisnney ■ 
and  rvntilating  llueft« 

MuUiphj  the  iquam  ToU  af  the  difftrenci  in  htighi  of  the  tte&  columns 
ef  9if  {dedueed  as  above)  txprtsMcd  in  Jeet  and  decimait  (*f  a  foci,  6y 
ri^M;  deduct  otie-fourfh,  and  fke  prodvH  the  rtmaintkr,  fnnUipUfd 
sietf/,  trill  give  the  ctlocift/  f^lur  per  minute ;  and  the  ar^u  if  the 
Jim  in  fat,  or  dctimalt  ofafiot,  mttUijdml  %  tJie  eeiocitff,  Ufitl  fficc  the 
numhtr  of  cubic  fed  d^acharged  jtcr  mimtic.—{\imA^) 
This  rule,  in  the  eo«e  tuppo^ei].  would  be  |  (^l^ X     —  ^^^^^ 
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feet  of  gases  discharged  per  minute,  hj  u  flue  18  feet  high  BJid  one  foot 
tkre&t  whose  tenapeniture  is  30°  above  tbe  outer  air, 

Chlii3t]i9ij»,  in  the  wnw  moon*  woro  nut  known  I0  Ills'  ansiQiila^  Ilo1«f  la 
tb«  ta^tf  Bind  itiadowa  mlloveid  fha  Cjicdpo  &f  tnue^kts  from  Ibe  kitcbeng  of  tbs 
luxurioufl  Homanf.  But  tbo  mild  eliniato  of  tht  M«d]t«tTMi«sn  ihotti  did  sol 
rcquifo  mucb  utk<:DtioD  to  nieani  of  urtiQci&l  wa.nDth,  In  the  hoatea  of  jtodfct 
HeTt^nl&nc'Uio  and  rDmpislI,  expoMd  in  iuc*dcrn  times,  tbcro  kjto  no  cbitnpcji. 
But  oToii  in  England  and  France^  irbere  fires  in  winter  arc  nocoesdrji,  «bitas«ji 
were  firHb  tntroduccd  only  In  the  middlo  of  the  Hlh  Ccntarj.  The  Ciitf«w  B«U 
(«0u»^e-/eij,  fire  cover)  wu  D«eded  u  m  prccBution  aguiaii  tbe  danger  qT  Are^ 
without  efaimiicyi. 

Reversed  dtaugbts  and  Amoky  cbimseya  occur,  1st,  when  tbe 

flue  or  fir<;-[jlaco  is  botlly  conBtructed  ;  2d,  -when  two  flue$  open  imta 
otio  opartiTient,  or  two  cotinecling  apartmeults,  tiud  tli^re  is  a  fire  m 
onlj  one  fiue ;  3d,  when  a  powerful  fire  exisU  in  one  part  of  llie  hoose* 
HB  the  kitulien,  for  Itistunce,  without  an  adequate  BUpplj  of  air  from 
wltbout,  it  wiJl  draw  the  needed  supply  through  the  smaller  flues  in  all 
part^  of  the  house,  reveratng  the  draught  in  lliem ;  4tbt  when  (aa  In 
many  old  houaea]  the  6ue  is  so  large  that  cold  currents  maj  descend  in 
the  angles,  wliile  a  heated  one  ajjcends  the  axis ;  5tb,  when  a  neighbor- 
ing btgber  hou^e  or  eminence  directs,  in  certain  stnteB  of  tbe  wind,  a 
cold  curreot  doirn  the  flue. 

The  remedy  for  rerersed  draughts  is  best  found  in  one  (^mMftnding 
central  stack,  into  which  all  the  minor  jlues  discharge,  whib  exh&ast- 
ing  cowlf,  like       511,  are  the  best  cure  of  smoliy  ebimneya^, 

718.  Products  of  renpiration  and  combastion,  and  neceasUj 
for  ventilation, — By  contact  with  the  lungs,  and  with  burning  fuel, 
the  air  coiitaminfited,  chiefly  with  carbonic  acid,  water,  effete  nitro- 
oxyd  of  carbtjci,  and  animal  odors.  Every  full  grown  individual 
consupacp,  in  every  minute  of  quiet  respiration,  about  500  euLie  inches 
of  air.  About  14  ounces  of  carbon  are  burtted  bj  the  air  out  of  the 
body  of  a  man  in  twenty-four  hours,  and  all  this  is  returned  in  tlie 
form  of  carbonic  acid  bo  the  air. 

Bnch  air  cnanot  he  breathed  agnln  without  danger.  Mixed  with  the  •nt'^ 
Toundinj^  tiij,  \  L  i^>t>nlMi  mi  nates  that  alao.  Ileadaehe,  languor,  uneMf  rvoiiiratjou, 
■auficOf  fiiiii*n*flB,  and  iyncope  are  rciulte  which  alwaji  follow  frotn  brcathing^ 
•It  QODlaniinntfid  with  these  poi«onuu«  exbalatioiiBj  ewtsn  in  very  tuodcrate 
quantitj.  Erect  two  per  cent,  of  earhanie  ncSd,  dcrired  Ttam  rpf^riirnHon  01 
eomhuftinn,  mnj  prt^duco  all  the  f jmpiomc  al»ov«  iiau)«td.  The  full  fUcmWil 
and  pbytiulugical  evhlcineo  upon  thia  important  lulijt^ct  catid'Ot  t>e  here  sivcii, 
but  tho  evil*  arising  from  the  «low  and  tniiidiuH9  cdccl*  i»f  tbe  iiuteon  nf  had 
TcnUIallon,  caa  hardly  be  oi^er  ««ttioat«d.  In  ordifiar^  c<»uibiuUon,  cqj^eialljr 
with  alow  Ores  and  an  imfKsrfcct  mpply  of  air,  wbonic  oiyd  is  alio  prodaect(« 
and  Ihia  is  one  of  tbo  ga«et  mo$t  likely  to  leak  from  ht*t-Rtf  fumacea  wlen  tha 
jotntfl  ans  not  tight.  It  U  muob  more  doalniotivv  of  life  than  ciirbDni«  acid,  i«r 
Ujom  of  aolphur,  whose  prustijiee  it  at  onea  iladared  by  tht>lr  odor. 


The  qoantitT  of  vapor  given  €sM  hj  the  body,  in  »pn!ibIo 
itid  iusensiblo  perfpimdoii,  and  bj  the  longs,  h  jerj  ctinsidemble, 
bebg  DOt  le^  than  len  or  twelve  gnd&a  e&ch  minute,  or  ftbonl  three 
]>otttidi  per  diij,  whicfa,  with  the  qaantitj  of  e&rbonic  ftcid  eipired, 
makes  about  three  and  ft  third  poundsi,  besides  other  eicrementitioua 
matter,  gireu  off  in  twentj-four  hotira. 

If  ih9  kir  <ff  a  crowiied  apartmeat,  U  cood(i<eted  tliroiigli  waf^r,  ec  jtmeh  wo.U 
Btmi  ttatur  ii  e«II««t«d  la.  the  wat^F  u  to  Dc<^aiioD  a  fpe«d7  pntreru t)T«  fermeD- 
talion,  Willi  A  dit^tiog  i>d«r,  Tb«  hla^i  of  air  «9e«|»iap  at  tb«  opper  Tentitalor 
of  m  cmrd«d  asaemyj  nwm,  ii  »o  appresaiTO'  m  to  produce  immediately  tl^« 
OMt  dutnafing  ajmptoma.  Whilo  we  iaattnctiTelj  iban  all  l^oe]lJlH  with 
kneleftn  p«noiaii>,  and  ttfaat  w«  nil  dirt,  even  refajitig  a  eop  that  hai  prtjicd 
|h«lips  of  aootberf  add  ee(£«m  all  water  traarparcbi;  as  lault  it  i«  marrelluua 
mith  wlial  LboujihtlcfinesB  ire  resort  to  crowded  aod  lU-Tcntilatod  public  plaee^^ 
Atid  dritik  in  tb«  eubde  pobon  esfaal«d  from  llie  lonj^,  ikin,  and  dothiBg  t^f 
cTtTj  tndivuinal  m  ihe  ajifemblj^  Esp«(^tallT  winm  we  remcmlMTr  tltat  wbiio 
tkfr  dige^tire  appamtua  can  nle«t  a>bd  upimiJate  tanlriliieDt  frotn  food  oT  qncf- 
tionahle  quality,  Ui«  lung^s  bare  an  iucb  power  of  iclectioD,  oad  cjld  diseiiorga 
their  dutj  to  the  blood  onlj  by  a  full  ^pply  t>f  pun*  air.  If  (he  transparency 
of  air  traa  troabled  by  tbe  exbala&iioat  of  the  Ittugt  *a  water  iA  by  tbe  Wk«biii^ 
t>(  (ha  Iwdy,  no  ar^^ment  would  be  &c«ded  to  »cxir«  attention  to  the  importanca 
of  rantilatkkD ;  ud  yet  it  ia  quite  troe  that  the  bodily  bcaltb  atiO>n  mof«  fhun 
iliLka]in|»  effete  air,  than  it  coQld  from  drink ing  tbe  vojh  alluded  to, 

720,  Tbe  qanQtity  of  air  ir«q aired  for  good  ventilation,  w  rery 
Yv^ooslj  slated  bj  difi'eretit  atitborities.  Eoough  fresh  nir  must  be 
Eapplied,  obnoQitj,  to  replace  all  that  ia  contiuninated  hy  the  lungi*, 
the  body,  and  tourcea  of  iJIumination.  But  to  determine  exactlj  how 
mtich  theM  MTeral  sotircea  of  deterioration  demand,  is  not  m  eft«j. 
The  itniotsnt  of  air  needed  to  remoTe  the  prtjducta  of  reepiration,  ia 
▼erj  itmch  1^  than  is  required  to  ab&oTb  the  Tapor  of  water  giTcn  off 
from  ihe  lungs  &nd  the  skin.  The  quantity  of  vapor  the  air  can  take 
ap,  wiil  depend  on  its  dew-point  and  temperature.  Hood  ettimatcs 
three  and  one-quarter  cubic  feet  of  air  per  minute,  for  each  individual, 
in  win  let,  with  an  external  temperature  of  2CP  or  £S°,  and  a  quarter 
of  a  cubic  foot  per  minute  to  supply  the  waste  from  the  lun^,  making 
three  and  a  half  cubic  feet  per  minute,  or  two  hundred  and  ten  cubic 
feet  per  hour  in  winter,  and  fire  htindred  in  summer.  Peclct  estimates 
it  at  two  hundred  and  twelve  cubic  feet  per  hotir.  Dr.  Reid  estimates 
tbe  quaatitjt  as  high  even  a«  thirty  cnbtc  feot  per  minute  per  individuaL 
Brenan  putJ  It  at  10  25  cubic  feet 

72 L  Prodacta  of  gaa  illiuninatioii. — Every  i^bio  fool  of  gM,  of 
avemge  quality,  requires  the  oiygen  of  about  twenty  cubic  feet  of  air 
(vif ,  4  25  cubic  feet  oxygen)  to  burn  it,  aiad  produces  rather  over  a 
cubic  foot  of  carbonic  acid,  still  more  watcT,  and.  If  tbe  gaj  is  impure, 
ftulpburuus  acid  and  compounds  of  ammonift  uriU  be  added.  which» 
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di&Bolving  in  the  waterj  Tapor^  coDdease  upon  and  corro^«  furniLare, 
books,  metallic  articlefl,  Ac.  Every  pound  of  coal  giis  burned  prodocet 
2"7  Itjs.  of  wiklGT,  and  2^56  lbs.  of  carbonic  acid ;  and,  as  a  i^uhic  fool 
of  coal  g4a  weighs  about  290  graloB,  bwcutjr  cubic  feet  iriL]  iceigb  1 
pound,  a  quantity  wlii«:rh  four  comcnou  fiBh-tail  burner*  &oa«utiie  in  in 
liuur.  The  capacity  tif  air  for  moisture  at  08^  ia  7  31  gn.  per  cubic  faot, 
it  would,  tlierefi>ref  require  2373  cubic  feet  of  air  ftt  68*  to  retain  the 
wftt**r  from  twetilj  feet  of  gos,  and  nearly  fife  times  aa  much  at  20^  F., 
mi  to  name  the  amount  required  to  dilute  the  carbonio  acid  and  free 
nitrogen  projuced. 

It  ifl  tiQDdlQBa  to  idif  thai  tli«  Tbuttlatioa  ot  gM  biirii«n  Is  An  imporUnl 
nhttur.  ForiuuiiU'lj^  a  grnn  «:baadelii»r  affurd*  odd  of  lbs  bfi#t  means  of  pt^" 
cimnng  ixn  itpward  current  in  an  Maombljr  room.  Cfuid!«i  and  oil  eoDvuiiie  laor* 
air,  and,  af  caur^o^  produce  moro  nEaUi  products  fur  ma  «quiil  ■mount  of  ligbt 
thnn  gns. 

722,  Tbe  aotual  ventilation  of  buildings  ia  a  practical  prob- 
lem, tit  hv  wTEHight  uut  10  eaeh  ease,  VTilh  careful  re|;artl  to  ibe  prin- 
ciples and  facts  just  stated.  The  supply  of  air  required  oiay  be  obtained 
in  two  ways: — Ist.  by  the  ascending  column  of  heated  air  in  a  sbafit 
drawing  after  it  the  effete  air  to  be  removed,  and  supplying  ii»  place 
by  freiih  air,  warmed  In  its  progress  to  the  apartments.  Tliia  u  oilled 
thermal  ventilation;  or,  2d,  mechanical  furce  may  be  S08 
empbjed,  by  means  of  revolving  fan-wheels  driven  by 
a  Bteam-engine,  or  otlierwifte,  foroing  the  air  throygh 
the  npartmeots  to  be  warmed  and  vcotilated.  This  is 
callecE  mtchankal  mniilation. 

Hy  the  first  methotJ,  Br.  Hcid  rantilat^jd  tlrn  House  of  Com- 
(Doni  ill  Euglaatl^  Bj  tbo  second,  Mr^  Kirc  rcntilAtcd  the 
Uouae  uf  Lurda  witli  tL  fan-wb^elj  over  LbLrty  Tuet  in  diAcactur. 

723.  Stone*a  ventilatini^  shaft, — An  excellent  com- 
bination of  the  thermal  ventilation,  with  the  plan  of 
hot-air  furnaces,  so  generally  used  in  the  United  Stnte*, 
hm  been  devised  by  S.  M.  4StODe,  Architect,  which  has 
been  faund  cfEcieut  in  the  Now  Haven  City  Prison,  the 
State  Reform  School,  and  other  eimllar  buildings. 
Figi  508  ehowB  a  plan  and  section  of  this  ^y^tetp. 

A  fdutilmllog  «bafl  of  bricks  C,  riii«i  in  tbo  contri}  of  lb« 
boUffO)  tbrough  tbe  axis  of  wbieb  pusej  s  owt.ir>P  enKrku 
flue.  A,  c&fryinjf  off  tbe  wasie  producl^  of  ttc  furnnci*.  Tl»o 
radiiint  beat  pf  this  iron  flue  beitta  tbo  nir  in  tUo  «bafl 
0]iet»ing3<,  I)  aud  D,  nro  fiicfccd  from  tbd  variouf  nfiartineut* 
iotu  Ibis  ohnit,  and  nUow  iba  air  of  the  roomi  frvv  t>pf)i»rt unity 
of  eicapoj  iolieit«d  by  tha  powerfol  Meendiiif  dfttngbl  of  ibo  veriiciil  *liafL 
Dittant  apartotonts  ara  connected  with  tbo  thaft  liy  boritoatal  pipca  of  wood  or 
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Tilt  openkgtj^      «b«altt  Iw  eoTered  whh  win  gftHM,  ftod  fitted  with  Dr. 
ractti^a  ielf-aicUng  noiaeteiiA  Tfttrc:»  wbtch  a1]<iw»  Ibe  pa«ea;^  tif  an  upward  eur- 
nl  oaljr.    Tbe  apart mcbti  ar6  iuppoaod  to  reocivo  tticii-  lopplj  of  frvab  lind 
arm  atr  tbrnagb,  hat  tut  Aucflr  luccodiiig  in  the  walla.    In  tatataet  it  wDuId  bo 
iiad  needful  to  estubluh  ft  curreat  in  tba  ffaafi  !>/  ftu  occ8?ioniil  fSro  in  tba 
rn*e«,  or  bj  a  fpeciol  furnace  for  tbat  purpose  tD  tbo  top  of  tfae  houfo.  In 
'llem,  tjbc  air  taJteo  into  bnltdinga  mftj  b«  r  trained  tbrongb  fin  a  wire  i^auzu  and 
Ipraj  »t  waler,  aa  wa«  accoiapliihed  by  Br.  Koid  la  tbe  ilmi*s  of  ComEnons. 
Bj  lliA  m1«  (717),  tb0  power  ot  inch  a  ciiafb  to  disehargo  air  eaa  be  tnlcaUM. 

724.  Cold  ciuT«ntB  piodnced  by  ice.— Refrigeratoj*. — Air,  in 
ooitt«ct  with  ice,  acquirea,  &f  couTse,  a.  low  tempeniture,  anrl  parts  with 
»  tttrga  pftrt  of  lie  moteture.  Thus,  s&ow-clad  mountDiriii  and  glaciers 
B&ttiniJIj  Mnd  dowo  to  the  vailej^  below  a  current  of  cold  txir,  lowing 
Ukc  water  over  the  surface,  especially  &t  night,  when  the  absence  9f 
the  sua  prerenta  the  accumulation  of  heat  on  the  earth's  surface. 

Adroit  QIC  baa  b«eii  mad«  of  tbb  e&ld  dry  carrcnt,  in  tlie  eoDatraetiatL  of  riK 
JHgvmton  for  prvwrTing^  food  In  warm  wuther ;  and  tbe  fame  principle  bai 
'W«n  applied,  on  a  Wge  acalo,  bi  the  cooHng  of  1arg«  apartments.  Fifa,  l»tli9 
d  jSIO  ibow  *  Motion  and  defalion  of  WiQflbip'a  llerrigcrator,  Tbe  ice,  A, 
509 


fig.  SIO^  ii  loftained  ttpon  a  ahclf  In  tht  vpp*t  part  of  the  box,  lumraQdcrd  with 
ehAreoal  lioingt.  Tbti  atr  enteri  bj  the  rtglater  openingv,  C.  fttid  eoming 
to  MDtMl  «ilb  Ibe  ic«F  ia  cooled,  and  falli  to  tb«  bvttotBr  aa  indicated  bj  the 
ftrrowa,  wb«re  it  fludi  iU  egrvaa  at      l>«twe«n  bullow  walU,  and  finally  «ms|>bi 
»l  F,  u  in  Ml  iDTCTted  f^phon.    In  this  wajr  >  gvntte  curreiit  of  aboat  45°  F, 
jJM  ileadilj  tuarnlained  HI  long  aa  ib«  icfl  lastc,  and,  being  dry,  articlei  of  food 
^mir  prcinrvrd  fiwr^t  and  free  from  mould  for  a  long  ttme:,    A  similar  deirics*  baa 
hc^n  Jk^cd  fur  tar^  apartmeafca, 

725.  CowIa.—HmeiBOii's  ventilators. — Ailvantage  \b  taken  of  the 
rurrentt  in  the  external  air,  to  aid  in  establishing  ventilation  in  bouiev, 
«tul  dmnght  la  chlmnejs,  by  the  use  of  rentilating  cowls, 

Tb«M  eontrivancvi  ar«  tiOen  conical,  rad  bnisg  with  a  ranei,  ta  torn  agminit 
<ba  wiDd»    One  of  Ibe  moat  fonaral]  j  »pproTed|  howeTvr,  In  «ommoii  ttae,  frppean 
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to  lt«  iha  TQntUfttor  of  Emcfioa,  All,  vblolb  it  sim^ty  »  coat  of  ffiitd^ftr- 
routidiiig  the  flue^  orer  wkose  vent*  iiti<I  a  ihort  distniire  Ml 
rnhmvo  it,  in  susUtned  &  disc  of  metd.  If  the  wind  Mow* 
from  any  point,  tta  tfTect^  on  ilrikinf;  this  conical  •urfa«e»  i« 
ta  p&si  upwardii  aad  across  Ibe  opuu  fluo,  witli  an  incrcoiscd 
TeloeiCj.  tTbii  rusult  »  to  solicit  ati  iipwnrd  funrent  La  the 
MkTtflf  m£  Bhowti  hy  iha  arrow^  in  the  figura. 

If  it  it  desired  to  direct  il  current  of  frcdb  itir  info  ib% 
BhsSi,  an  {liJeeUft^  vttttUntor  i*  used,  which  ii  a  imply  Iho 
ab{»¥Q  conn  {ttrerted^  or  two  Of  thrm?  m^h  plumd  otiQ  orof  tfao 
other.  Tbcsti  are  found  rery  efficient  in  prnjcctiog  froBb  air 
into  the  eablDs  of  abiptj,  and  Dtb«7  cimiLiir  iituations. 

720.  The  supply  of  freih  air  in  dwellings  is  de- 
rived, in  the  winter,  almogt  oxtilasirely  from  the  cracks 
and  Joints  of  dwr?,  witiduwe,  and  other  openings.  In 
0.11  gocnl  iKj^lcms  of  general  warming,  thta  aujpply  is 
derived  fn^m  the  open  air,  or  a  free  basetnent,  and  la 
wormed  in  ita  progress  through  the  heAting  apparatus. 
When  it  is  ref^ujsite  to  introduce  cold  air  into  a  hoiisi^, 
it  h  importpunt  to  do  so  in  mch  a  manner  us  to  avoid 
looal  and  sharp  currents  ;  for  this  purpose,  perforated 
Goraiccs,  or  openings  coTCred  bj  wire  gauze,  are  provided.  A  too  rap" 
current  is  hoth  inconvenient  and  co^tlj,  ftom  the  needloAS  wft»tQ  of  fuel. 

la  public  buihlitigd,  tb«  eupply  boaE  cibtaincd  tbrongb  a  treuchi  or  toriiOD- 
tal  tube,  opeoing  into  a  doao  aroa^  aad  protect^  agatost  powfrful  wlodi.  Thft 
injfictiug  eowl  may  be  advVkHtageoiiKly  atcd  to  cover  tbo  oponing  of  lurb  a  tup- 
ply.  The  distribution  of  the  asotrnding  warm  curi^eDt  il  bcil  made  tbronj^b  • 
hDll«w  or  doublo  floor,  perforatod  with  numerouft  openiogi,  while  the  tpeat  air 
u  taken  ofT  above,  aa  already  described. 

II.    WAICMINQ.  i 

727.  The  artificial  tflmperaturea  demanded  in  cold  climate* 

are  produced,  1st,  eitlicr  by  mdmnt  hciit  solely »  aa  in  the  eommoa 
open  fire-place,  !2J,  by  convection  only,  as  in  hot-nir  furnaces  of  every 
de^criptiortf  in  which  the  air  ia  warmed  hj  its  passage  through  a  heat- 
ing chamber,  and  then  introduced  into  the  apartinenta  to  be  warmed,^ — 
or  3d,  by  radiant  heat  and  convcdtioii  united,  as  in  etovos,  and  ateiita 
or  hot  water  pipea. 

723*  The  open  fire  contained  in  iv  eimple  brick  fire-place,  fig,  5fV?J 
whether  coal  or  wood  ia  burned,  warms  the  air  of  the  room  8c>lely 
radiant  heat.  The  burning  fuel  BoUcita  the  air  of  the  apartment  to  be 
warmed  towards  the  chimney,  where,  coming  in  contact  with  the  fire,  it 
parts  with  a  portion  of  ita  oxjgco  to  Buatain  comliu^tiun,  is  intensely 
heated,  and  ri^iing,  escapes  at  the  flue,  with  the  heated  prodnetjt  of  com- 
Vustion.  Hence  only  the  heat  radiated  from  the  burning  fuel  and  hot  wiilb, 
ia  effectual  in  warming  the  apartment,  while  much  the  largest  part  of  tlie 
beat  (three-fourths  to  four  fifths  of  the  whole]  escapes  up  the  cblmaej* 
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Tin  i*tii*l  •ffeet  and  cheerful  wpect  of  an  open  fit*,  wmbiiiod  with  Ibp  S'ffi- 
it  m«an«  o(  voDtilation  il  kSbrdf,  reader  tbl$  atJ  ejatem  rerf  popular,  wbeo 
[•onbt&ed  wiib  some  competeat  gencrBJ  plan  of  warming:  the  irbolc  houge. 

Dr.  FrimkHa  itnyroved  the  eommoo  fire-plnce  by  inlroduciag  iroo  *tovc«,  of 
tt  Mmft  ge:ncrtLl  form,  &ad  eontHM^tlnji;  ibem  with  iho  cbkmncj  hj  a  etrcuUaud 
pi|»e,      which  moana  m  mQcb  beUor  economical  «fl«oL  wm  Attained.  Kuiafor<l 
sfuvtrJ  the  form  of  ihe  ftre-plaee  vcrj  taucb,  tnd  MpeciiLUy  with  reforeuec  lo  tbo 
trofrt  nf  the  cbimne)!-  bad  ipjigLe  of  the  jambi.  ilo  also  cambioed  it  with  »  clreulft" 
m  uf  but  »ir  b(.'bimi  and  ftt  the  aide*  of  tho  fire,  lo  u  to  obtain  the  cffcrt  of  a  store. 
Store*  of  iron.  frtandioK  lu  the  Ap«rtiiieiit  to  be  warmed,  offer,  perhaps,  the 
It  eoonomieal  mcMla  for  bnmiRg  fuel— but  whtn,  m  is  too  oltcn  the  cose,  thc^ 
elMtd  tigbt,  except  a  Tory  amall  openitig  for  irnTt,  th«j  are  atoocg  the  vikst 
>Dtriva]i«et  in  Uie  for  tbe  raio  of  the  pablic  h(^a1tb>    Tba  atmnsphcro  of  the 
im  ttii»rci)dabl7  beccvmcs  0Ter-bea.tcd  and  corrupted  by  the  products  of  rcapi- 
lion,  ID  the  a]mo»t  untvcriul  abscDco  of  arij  mode  of  Teutil&tion. 
729.  Hot  ail  fmuacea. — Large  buildings  and  d^f  elling-houses  &ra 
Freqacntly  wsirmed  hj  air  heated  in  ita  passuge  thixiugU  a  structure  m 
e  lower  purt  of  the  bouse.    Otjo  of 
e  simplest  furma  of  apparatus  for 
purpose  Is  wen  in  fig.  512,  being 
Bcctianal  Tievr  of  a  iiot  air  furDOce, 
which  tbe  eold  air  entenDg  at  A, 
-pusses,  afl  indieated  by  tbe  arrows, 
Ibrough  an  e:tt^tid&d  ejstein  of  iron 
pasniges  »ct  in  Irick  f^ork  and  liealcd 
J  the  products  of  cotnbuBfcioti,  and 
fhe  direct  aclion  of  tlic  fire,  F.  The 
Beated  air  gaina  the  apartmctit, 
bj  opCDingit,  B,  ih  Uie  fHoot  or  sides 
of  the  wallf  while  the  gasea  of  oom- 

bustioD  escape  bj  the  flue,        Such        apparatus  scrvt.'^  uuly  to 
illuatrate  tbe  general  principle,  and  would  prove  Taluolesa  in  practice. 
Very  i"iQi«rQt»  form*  of  bot-air  fumaeei  ar«  in  aie  in  the  United  States,  chiedj 
for  tbe  couibuslion  of  aathracibe  coal,  Thej  are  fttMatiaU/  alike  in  prineipio  but 
▼cry  ualiko  in  conttruetion.    AU  take  cool  air  from  with-  ll'S 
aai»  or  fr^m       atry  baaeiaefit,  and  after  heating  it  in  (t 
bfi«k  cbaniber,  by  contact  with  rDrfaces  of  hot  iron  aur 
foandia^  the  flre,  aod  conroylng  awaj  the  produelj  <  1 
c«mbuiit^      dt«tribute  it  by  fluei  in  the  wall  to  tbe  seveirul 
ap*ruacDt#,    Fig.       prcjcoii  n.  iectioani  riew  of  ooo  of 
tht  \H»t  b«t-air  furTiaces  at  pretest  in  um  tChilsoo's). 
The  fire  ijf  anlbrarite  it  contamad  in  a  lar^  ibailrtw  put 
of  c«Jt-irun,  wiih  ttoap-itone,  or  iron  staTet,  and  the  heated 
odaeta  of  combuitioa  mte     {sanded  in  an  c^tetieire 

of  ebatab«r«  uf  etux  htm^  all  communicating  with  on 
uular  catt-irnn  pifite»  leading  io  ibo  cbiiiiDcj^  Thi« 
,itjB«tBt'nt  afiord*  a  very  extended  radiating  pt]rfiu<v. 
With  few  jobti,  lo  allow  the  6««sp«  of  ouaii^ua  ^aae»  iuUi  tbe  tarrnundlDg  boW 
Nir  chambvr.    Tbe  aurowo  iadi^ate  the  djrccti<an  of  Ibo  currenL 
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In  fig.  514  is  icon  the  taii^^e,  Burroandcd  in  the  brick  workt  whieb  ia  hoUfiir, 
The  cold  mr  cnCcr^t  at  iho  bottom,  Aod  b«ing  ^otly  beaVcd  by  ^otiUict  witk  tbt 
bot-ttir  surfuecs  witbin  the  cbamber,  M  well  &a  hy  the  514 
taJlunt  Lt-ut  frcicu  tb«  aanifi  source,  it  i:!icnp«fl  bj  the 
opEsuingH,  o  o,  tu  th&  vnriuii^  apartmenld.    Tbo  extended 
iron  aurfiicc  la  thh  a-pftutat^i  pfevanli  any  part  of  tbo 
[urDoce  fro-m  becoming  ¥orj  liat»  uBnnlly  the  nhief  caqecis 
9f  aomplftint  agatnat  thia  mode  of  bcmting.  Air  is  mate* 
'IaIIjt  Injared  fur  purpoatia  of  roapiration  hj  coDtocti  with 
»¥ar- boated  aiirrniCCfl,  o^wttig  to  tha  ebarring  ©f  tbo  parti- 
«los  of  dast  add  dlx-t  ft!waj«  floating  in  it,    Tbo  vhM 
olTjijclion.  rcatiDg  againat  ibb  and  simtlkr  iDodcB  of  b&al- 
ing  id  the  Cdtircj  abijCDtO  of  ratlktnt  hrat  in  ihc  npartm^nttf 

wtioso  occupaaU  ure,      to  speak,  Immereed  in  s  nmm 
ftir  batbf  and  require^  conacqucaUy^  scteral  degreos  more 
beat,  by  tba  tbannomoter,  for  comfort,  than  whan  raditml  licsaL  fLincoj'  » 
of  ihe  me&ns  of  an  artiQeia!  bumpc^raturfl. 

Ilotrnlr  furonces  are  cominooded  oa  account,  of  their  economj  of 
coDstructioD,  and  ense  of  manageraenti  and  when  combined  with 
good  Hjstem  of  vontiktion,  »ucb  m  is  accured  bj  an  open  fire  la  o 
or  more  apartmetit^,  the  ol)jecti<:ms  to  them  are  in  grenl  meflsa 
temared. 

730,  Heating  by  hot  water,  distribated  in  pipec,  offers  mnxt 
advantages  far  the  salutary  and  ecoDomicaL  diatributlon  of  heat  Th 
high  specific  heat  of  water  (653),  enables  it  to  heat  orer  ihrm  tbausan 
tim&B.  ibfl  own  bulk  of  air  in  cooling  through  a  fiiagic  tlogroe  of  tem 
raturo.    That  i^,  oufi  cubic  fixit  of  water,  by  cooling  one  degree^  wi 
ratsQ  tlio  temperature  of  3102  cubic  feet  of  air  a  like  amouot;  f* 
0-266  :  1      827-437  :  3110.    In  this  proportion  the  specific  heat  of 
air  is  tho  firat  term,  atid  tlio  tbird  torm  la  the  bulk  cif  air  equal  to  « 
unit  weight  of  wat«r.    As  ht>t  water  is  tisually  distributed  iu  caaU' 
pi  peg,  csperitncnts  hare  been  made  upon  the  rata  of  cooling  of  th 
jpipes,  which  ^how  that  one  foot  in  length  of  pipe  four  inchDs  in  diainete 
will  heat  222  cubic  feet  of  air  one  degree  per  minute,  when  the  differ* 
fnce  between  the  temperature  of  tlio  air  and  the  pipe  ia  125°,  Tbo^ 
Hd vantage  of  hot  water  na  a  means  of  heating,  dcpe&ds  much  on  itj 
Jiigli  cnpaoitj  for  heat,  and  its  slow  rate  of  cooliog,  by  which  the 
|terature  deolinea  rery  slowly,  after  the  fire  ia  eitioguiahed* 

For  borticuUaral  and  maoaractariog  Atraetnres,  and  otber  baildifigt  wb 
Urg«  pipcR  are  not  an  objection^  it  bas  prominent  ctaima.  In  private  bouic 
wbera  the  but  water  pipes  occupy  a  cbamb^r  in  tb«  bjutment,  and  tb«  air 
hj  pasfling  amoog  tbam,  all  adtrantage  af  tb<s  riidiant  bemt  ii  }o»t,  uu 
e  apparatua  b«couics  comparativetj  inofflcioott  and  vtij  oostly,  If  n  auffici 
number  of  pipes  ar«  laid  lo  to  do  tke  work, 

731.  Ferkina'  higb  preftsure  hot  water  apparataa.— The  syate 
just  named  uaea  water  at  a  rery  low  proaaure,  nefor  over  »ix  \h».  Ui 
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b  n  »  f«.  MJ^  A  »a  «r  pipe,  8  ri  m«k 


«f  air, » 

■  tsftcicsl  nid  »  kll  to ; 

W  *f  ihm  «at*r.  vUck  m  Akwl  i—  twelfth  «M 


Tfci 
In  raia«d 

lie*  U  tasim  fnm  lo  aav— c, 
Ibt,  to  ftb«at  I7A  Ihi.  to  lb*  t^mm  im 
Talre  fa  wed  ra  tkn 

pLa«ioo«  «r  tk*  ftr«  e«a  l^v*  kfippcMd  wiA  iii 
Tb«  bifit  tmpermterc  «f  iIm  fipM  «aliiiewt  WL] : 
iap,  sad  five*  to  lia  w  Itavtod  Ij  it  di*  otopl^r* 
toMiE,  bitmt  txJor,  vltkb  h  to  «lg«eliMKUi  fi 
tail  inmi  tloTei.    Ii  u  mndrabtodlj  Ben  •Cci' 

toai  of  kisjb  pnesf UTW  *frAM  p'tpei  i*  rerj  fittUmr  tti 
tkitt  BAd  eqaftU^  open  Us  th*  o^JcctioB  of  onr-lieat- 
iag  iks  ftir,  »&d  eiai|«ageri«x  Wdldisg*  from  Sre. 

732.  Ootd's  steam  beaters, — ^Tlie  ndiaton. — la  Uiw  »j9tirui,  ibe 
litat  ndi&ted  frotn  fiurfscd  of  japanned  &fae«t4ron,  (astened  togvlber 
hj  rireta  at  tbe  bottotn  of  oatitiare  depre«ekii»  m  th«  outer  thcet,  u 
Kfen  iffl  fig.  515.  Tbla  arrftngem^ot  SI* 
diviJei  ilie  whole  Btwun  fipace  ioU) 
iMtflicroos  e«»oiinanicating  celU^  iia  «eeD 
in  lb*  eroti  sectioD^  D ;  th«  steam  ai^ 
rif«i  fmm  Ibe  Wtler,  fig.  517,  ondcr 
Tery  low  pressure  (one  i>oiitiil  to  the 
itieb),  hj  the  inlet  cock.  A,  aod  the  atr 
eiNrapes  at  ad  oatlet  cock  in  the  opp«>^ 
■he  comer  above.  The  water  of  con- 
densfttion  r«tiirni  to  the  bmler  hj  the  ^ame  pipe  tliat  courejs  tho 
vhicb  16  mad«  BufGdeni]  J  larj^  for  thuT  pur|H>Ae. 
ndlMhtn  u«  io  tbe  ap«nw0iiti  I4  be  h«ftt«d»  vitlier  litijflf  or  bi 

Of  ttpet  or  four,  cooce^bd  andlw  ««  om»tnoti.i*l  ierecn  atitl  ruv«r«tl  irith 
narbls^  Tlia  hut,  in  ibal  cur,  19  bnib  rftLlUat  Ui«l  nUii  bcKt  of  cunvrctiob. 
Th9  ra'lUlur*  ta»j  ^»ci  Ihi  riuuliaeil  m  »  Fpa(!«  below  ibe  B|(Artiiiei»tf,  und  tho 
■tr  to  bt  WLmed  putnd  OMtowgk  9t  MaoBg  tbtoa,  ia  vbkh  w«  untjr  b««t  of 
CMractioa  iwLchet  tbe  i,p&rtiBi«la,  ai  io  lbs  eomoioii.  bot>klf  fuiruftjeo*. 


Tbi> 
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ftjstcm  Is  cconomieal  of  fueS,  offlvidDl  fat  t!b«  mofit  «ereir«  vemibeif,  ud  wk«D 
ei»mbiaod  with  a  proper  ay Jtam  vantiJatioD,  entirelj  nnex^tionablflw  It  bu 
the  grcAt  tDtrtt  of  aecuriag  esfteUy  tha  depired  degree  of  beat  jp»t  wl*«T«  U  li 
wanted,  bowerer  remote  from  the  boiler,  uid  i»,  bj  meiwii  of  the  alf-eock, 
u^uatuble  to  any  Lump&raLure. 

733.  Tlie  boiler  of  Gold's  steam  lieater  is  pcrfecllj  automatic, 
and  U  a  beautiful  liluatmtioa  of  the  ea^e  with  "oi^htch  90  potrerful  aft 
nge&t  as  ateatn  can  lnj  brought  under  entire  aelf-control  and  rendered 
quite  free  from  all  danger. 

Fig.  517  19  an  eleFalion  of  ihia  boilor,  set  for  tis«  in  \l»  maionrj,  Th« 
water  rlsea  in  the  tube,  J,  whie^  IP  to  the  «ir,  to  eouotcrpaise  tbe  pr«vfiini, 
wliicb  14  arljuated  to  ooe  i^ound  on  the  Incb.  J  i^if 
ia  th(rrQf»ro  a  bjdrostatic  balance.  Tho  lower 
ajh  dooTj,  C,  being  cloa«J,  no  tdt  bas  aceoai  to 
tbe  Gro  txcept  through  the  aida  root,  E.  Thi* 
doflci  bj  ft  conical  cover  at  tho  end  af  a  chain, 
oi  Boon  aa  the  limit  of  pr«i«iirB  it  reacb«d,  for 
then  tha  lerer,  F,  risos,  by  reiAao  af  tbe  water 
presatng  up  the  elaatia  cover  of  F,  A  lilfe  ar- 
rangement, Qf  next  opGiiia  the  upper  fL'«d  door, 
C  ;  if  Iho  firo  it  not  *ufficientlj  beld  in  check  by 
F,  C  contiuuej^  to  opoa  until  £u(£i'i{sut  {.'uld  air 
eaten  th«  fluea  to  rc<!lu.ce  tbe  ateam  to  it^  limit 
and  bold  it  Ibera.  Tbe  aafety  vnlrc,  I,  is  liko. 
wia*  nuder  the  (}Datrol  of  n  similar  arrnujfument, 
K,  wbich  eotnos  into  action  after  F  And  if 
needed.    K,  K,  are  tha  ateam-pipos  leading  to 

tba  radiators,  and  the  Bmoke  reaches  tbo  chimney    ~-~  =^r=- 

hy  tb«  pip<B,  K.  Sueb  nioe  Jidjaatmcnij  sttcure  greal  econntny  of  fael,  m  lb« 
eombnatioa  oannot  proceed  f^ter  than  tho  d^miuida  of  the  radlaUfra  rec|iilf«. 

I  12.  Soiircea  of  H«at. 

734.  Sources  of  feeat.— Fcmr  great  aourccs  of  heat  mnj  be  naoiedr — 

1.  Mechanical  sourees, — ^The  principal  of  these  are  friction,  comprtB- 
eion,  and  percua^ion. 

2.  Phi/^kal  soui'ceji,  of  whiuh  ttie  chief  are  solar  radiatioQ,  flellur 
mdiation,  terrestrial  radinlioti,  and  atmasplioric  electricity. 

3.  Chemical  sources,  comprisiDg  diemieal  combioations,  the  chief  of 
these  being  combustion. 

4.  PhyaioUgkal  sources,  comprlaing  the  production  of  heat  10  living 
belngB.  This,  accordmg  to  yiewB  now  generallj  received,  is  Doljr  ml 
exteuAioQ  of  the  third  bead. 

I,   HECBANICAL  SOFRCKS  Of  H«AT. 

735.  Friction, — When  two  bodies  are  rubbed  togeibr*r.  b^at  ii 
generated  by  the  friction  of  their  surfaces.  Tho  aupplj  of  heat  from 
this  source  is  apparently  unlimited.    As  the  goneratioa  of  hnxt  ii 
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ttiiiieixmp«ote<i  bj  an  J  cbuig«  la  the  calonfio  »pacitj  of  the  bodlei^ 
Mid  geoeralt/  by  no  cbemicaJ  action,  it  mast  be  altribated  to  m  moli- 
r^polsr  moTement,  of  the  bodies  excited  hj  friction. 

73S.  QuAiitity  of  beat  pfodoced  by  friction. — The  eipcriiaentii 
of  Joule  sbaw  tbtit  the  amount  of  beat  dereloped  bj  fricUud  d«pecidii 
OttljT      the  amount  of  force  exerted,  aad  not  the  nature  of  the 

ssbiitanees  ntbb«d  together. 

C'ABiit  Euuford  pnblbbcd  in  tlte  RojbI  PbHoioplsieaJ  Tnasurdottf,  ItMi,  ttA 
rttultM  9f  *Qma  of  faif  experimeaU  vpon  tlii«  fobjeet^  A  brua  cuooin,  weighiDg' 
US  Ib«.«  wn*  rerolt-ffd  h<jritooullf ,  M  tl>t  rate  of  t2  f«TQl«Uotit  per  iiiititiu>,  «^Biti  it 
a  blaat  tte*!  b«rer  with  »  prcMore  of  lA.OCiO  Iba.  Tn  balf  aa  hoar  ihm  tenpctm- 
teftof  Iki  metal  kmd  ri*«n  from  60^  to  ISO<^  F.  Tbia  heat  mnH  bftre  been 
snffieimt  U>  ralfe  ibe  temperatiirv  of  S      of  water  from  32^  to  In  aaotbcr 

esp*riio*oi,  Uie  <?*iuEnm  wu  m  »  TM«a  &f  «At£T»  aad  fnetioB  ftp[»li«d  m 

Wfons.  La  two  boars  aod  b  bmLC  1^  Ibc.  of  w»Ur  ■Huftllr  boSed.  Tbo 
gc:n«r«ted  la  tbii  cue  wai  ea.l«MilalBd  hj  Eamford  to  be  at  Icact  cqoal  lo  thai 
£ir«a  out,  dartjjf  lh«  tam«  tiraa,  bj  iba  bitromg  of  9  vax  eandlc*,  i  inch  is 
diavalart  v^d  eaeb  lid  gniiui  ia  weight.  A  rcmwfcabl*  iatt»iie«  «f  tbe  excita- 
tioa  of  baat  bj  friction  li  xSordmd  bj  aa  cvpcnmaat  of  Sir  HaDtpbi«]r  DmT7,  la 
vhtch  twtt  pieces  of  ice  rubbed  to^tber  is  vacao  ml  a  temper&UirB  below  32" 
w«Tfl  melted  bj  tbe  beat  def eloped  0,  tbe  eBTfuce  of  eoQtacI, 

737,  Circiimfltaiices  wliicli  vary  tbe  quantity  of  beat  de- 
veloped by  MctioB. — The  quantit/  of  beat  dereloped  by  frietloa 
depends,  1st,  on  the  nature  and  state  of  the  surfaces  (13S) ;  2d,  on  the 
pressure ;  3d»  on  the  velocitj. 

73S.  ZUoitratioiis  and  application  of  the  heat  developed  by 
friction  are  of  fre^aent  oecarreoce  m  comtuoti  Ufe. 

When  *  pieee  of  ttcel  ii  ■tzuck  m.  Hiatf  pulklci  of  tb»  mctat  aire  tAtn  CiSf 
and  ate  to  latenMlj  beabed  u  |o  ignite  is  tbe  air.  Tbeu  healed  pajiiclc*  fall- 
fag  apoB  tiadev  or  gitspovder  eauw  U  to  bam.  Similar  vparki  uflen  &j  off 
f!ra«i  the  iroa  sbeet  of  borwi  ai  tbej  itrike  a  striae.  In  grindiog  kniTei  and 
alher  iattrmaMUti  iip«n  a  drj  grimdjtoae^  or  npon  ah  emerj  wheel^  a  brUliAat 
trsia  of  «park«  it  produced,  Aaioag  tiD«iTilij«d  oiilioa*  fin  ii  frcqtunsUy  pr»- 
daeed  hj  tbe  frt«tibO  pieret  of  wood  against  each  other.  Seoeea  relalM  lha 
mat*  faet^  sad  addt  ihmt  ii  ii  necc^iaij  to  emploj  pnrtiealar  «pecief  of  wood ;  mM, 
berel  aod  itj. 

flWfftort  heal  is  eaosed  hj  rubbing  s  fa^t^^b  on  s  rongfa  nLrfaoe  to  ignite  tbe 
flteipbaraa  «a  Ita  end.  Tbe  axlca  of  ear  vheelc,  &dd  other  part*  of  niAcbincrjr, 
vliee  wen  gfeued,  an  lometimat  bestfcd  taHcieail/  hot  td  eacua  iho  ignilioii 
«f  tbe  fiiTf oii&diiig  woodwork.  It  is  by  frictkn  that  tbe  browa  rings  tomaUnMS 
Sian  ea  wooden  ariide*,  tnrned  la  a  latbe,  are  prodnced.  A  poiatod  pieee  af 
wood  ii  held  ftgidait  tbe  ntpldly  revolring  ftrtiele,  the  beat  g«aerated  bjr  tbe 
JHetioQ  i$  talGcieal  to  »n»e  tb«  wood  to  vianke  sad  jiartialt^  ebsr  il. 

la  a  few  initaacei  in  ihit  eoantrj  tbe  fall  of  w»t#r  bin  b««a  ited  to  pr»dqc« 
friction^  snd  ibaf  dev^top  beat.  In  the  lUte  of  Vermoal^  plalia  of  ircsn  were 
raptdljp  rcTc^Tcd  sfaiait  aacU  oib«r,  atid«  bj  the  beat  developed,  tbe  mill  vra* 
wariDed.  Tbe  ibetwogeale  apparjilui  of  lletifs.  Beaamont  and  Majer  {Am. 
Tear.  3*L  [IJ  XX,  241)  is  s  mott  luceesifiLl  eostoiraeee  f^r  eonrerltng  motiua 
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into  be*t  hy  meana  of  frictioti,  Kod  whew  then  11  alinniJant  And  cheap  wftkr- 
poiror,  majr  be  uf  eeonomtc&l  impDrtnDCe     a  »qiirc«  of  bent. 

739.  Compression, — When  any  substance  und&rgo&s  ft  dimmutioci 
in  valunio,  there  is  generally  a  development  of  beat*  The  evalutioti 
of  heat  bj  compression  ia  most  strikingly  seen  in  gjwea  which  uadcrgd 
a,  great  dirainutioii  in  volume  by  preaaure,  filS 

Tbo  conijeiiaing  syriagc^  Bg.  51S,  19  ad  admirabla 
iDstrumetit  for  «bowmg  tbe  pbeinoi&i(?non  referred  io. 
It  consists  or  H,  metfrl  Or  gta«s  tabo  eto«ed  At  oii«i 
ejctremUy.  Into  the  oihor  exlremitj  hta  ti^ht^lj  • 
piston  itbictb  liAS  a  bit  af  tioder  on  ha  end.  Wben 
tbo  pietoD  ii  forcibly  driTeo  irito  tbo  Under,  (he 
oopiprvfljion  of  tbe  lir  deTetopa  so  mucb  beat  tbat 
tb«  tiadtsr  becfimea  igtiited< 

Owing  to  tbo  itmaH  e<>mpre»«ibiUty  of  liqntdJ, 
and  tbeir  great  co^pacity  for  bi^Bt,  it  is  not  nMf  to 
dotQrililin«  tb«  bent  developed  in  thorn  by  compres- 
sion>  Mcsars.  ColliuloD  amd  Sturm  have  obtaio^d, 
witb  c!«rtaLD  liqniddj  Bift  pre««iire  of  30  atmo^pberc^^ 
s.n  Dlcration  oT  temperalim  of  ai  mach  u  froiD  7*^ 
to  10°  F.  Tbe  heat  generated  by  tbo  eoiiipr«i«ioa 
of  loHds  may  better  bo  coDflidored  &a  bj  p^remsion, 

740.  Percuuion  is  a  combmatloa  of  frio 
tion  and  (jompresBion,  and  an  actire  tno- 
clmnlcul  source  of  heat.  The  amount  of  heat 
developed  by  percussion  aeems  to  dcpetid  to  a 
great  extent  on  tho  diminution  in  bulk  which 
tho  body  ft  truck  undergoes. 

Tbii  ia  strikingly  pbown  by  an.  experiment  of 
Bcrlbollot,  ia  wbkb  a  |n«eo  of  copper  wna  sub- 
mitted to  tbo  Bctioti  or*  itnmpiag-prtjsa.    Thfl  |^r«aCeit  iIl'^m-i  'j'iii<.  n  l  "i  li' 
oficurri^  with  the  flntt  blow,  wboro  lbs  metal  addcrwent  th«  gT««(tv<«t  disiitintioii 
in  botk»  and  dimtaifihed  wllb  the  BOQiiiwliing  blowa  at  did  tb«  amOdOt  of  con* 
deniation.    Tbe  quaatitiea  of  heftt  CTolred  at  ibe  first  tbre«  ftrvket  mm  It*  3* 
7*  i,  and  f  S  F. 

741.  Capillarity. — Pouillot  has  shown  thai  tbe  aimple  mi  of  laole^ 
eotng  any  dry  substance  ia  attendetl  with  a  alight,  jet  constant,  diacn- 
gpgement  of  heat. 

Poailtet  opcFAtod  on  tbo  powdered  mctala,  the  inac^lable  oxyds,  |!;lmfs,  tirjckf^ 
elay,  An.  The  liquid!  dscd  wer&  wat«r,  aloobol^  cthvT,  acvtic  af id«  funH>nllio».  Jtf, 
The  ri#e  in  (KMnpornturo  wajs  only  rrnra  to  2°  F,  It  appears  Iti  be  tndopciidvol 
of  tbp  tmhire  of  tbo  bodv.  Orj^rtiile  hndUi^  ©f  variooi  klndf  wfre  upfr«toil  ujujd  ; 
*s,  DtLs,  wfxil,  flilk,  finrolt,  wood,  Fji!>jij;<»,  tvory,  born,  Ae.  ■  with  tliofio  ibero  it  a 
ri#o  in  (cmprTiitiire  t*f  frfura  3°  to  IS"  F. 

Tbe9i9  ri*!idU0  cannot  be  attributed  to  ebcmical  action,  for  the  diflTfrcnt  liiuidt 
produced  the  came  heat  when  tliey  were  absorbed  by  the  same  pitroas  body. 

The  doTelppinent  of  heat  in  these  cases  U  attributed  id  tba  coiidfttm«> 
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"oti  of  the  lititiiJ  on  the  surEioo  of  tlie  solid  which  it  moistens.  It  may 
Rlfto  l*e  du<s  in  part  to  the  efft«t  of  the  fnctiuiti  of  the  Uqn\d  ttiolooulca 
tho«i»  of  tbe  snlid,  w  tbcj  move  into  tlieir  poairion  of  6<|utUbriuiii, 

II.    PttrslCAL  SOURCES  OF  0£AT. 

742.  The  Bun  ie  the  most  abundant  source  of  hoat  to  our  globe.  Itji 
dbtatice  fmm  the  earth  is  95,000,000  of  miles.  The  diameter  of  tho 
■an  b  abiut  88^,000  miles,  or  about  111  iimm  that  of  the  earth,  Cim- 
wtqaentW  its  rolumo  h  1,400,000  times  the  e»rth*s  volume.  The  sun 
turns  on  it£  nxis  ooce  in  Qbout  25  day^.  Philosophers  nrc  divided  as 
to  the  cause  of  the  immense  amount  of  bent  which  escapes  from  this 

It  is  emjcctare^l  ihnt  ihvfn  tro  thrw  MoaonpherJa  ttrst«  sbotit  the  mn,  Thst 
iMRMt  hit  «arfscv  ii  vailed  the  cloudjr  atnituni.  Il  ta  incapable  of  rafleetin^ 
'gbt,  isd  ii  hcATilj  loaded  with  Tapors.    Tbc  noxt  in  cIcTation  i»  ihwughl 

of  mn  iutenaely  lummoug  mcdittm.  Ta  ih'n  it  »Uribut«d  th«  diffuiion  a{ 
d  b«»t.   Beyond  Lbii  tbcr«  profaablf  exbti  s  tbird  envelope  or  a  tnina- 

Syark  Bpol*  are  afben  ami  oa  the  suo'b  surfacfl  (hj  ttio  aid  oT  a  t€lii8ca|w). 
TbsM  srt  of  immenie  snd  o(ien  rspldty  ch&nf«  tbcir  form,  One  noted  bj 
Sir  J«hn  Ilcrscbel  eoiitaiiiQ'd  an  ui^a  400,000,000  fqtinre  mites.  Tbeii»  ypots 
mn  fopfiDiwl  |o  be  furta«d  by  tbc  ojnstiin|f  nuij  dijpersiou  of  ibo  atratum  Qf  lumi> 
nous  cltrtiiif,  Tcrcaling  the  dark  majf  it  it  Lin. 

743.  QtiaQtity  of  heat  emitted  hy  Uie  aim, — Pouillet,  hj  means 
of  mn  instrument  called  a  pjrheliometer,  has  made  ohsBrvtitions  from 
frhicb  be  estimated  that  the  auiouot  of  heat  tinnually  received  hy  the 
earth  frt^m  the  ^un,  would  be  sufficient  to  melt  a  crust  of  ice  surround- 
ing the  earth  101  feet  thick.  The  otmosphere  absorb*  nearly  40  per 
pC^tit.  of  the  heut  of  the  guu^s  rajs. 

FroiB  iho  «i»o  uf  itie  ettrtb,  and  iLa  dblani'o  frem  liie  suut  It  Una  bruii  deter* 
mintd  tbat  Ih-o  entire  amount  of  beat  emitted  Li;  the  iiun,  ii  3,^81,4JU0,UUU  liinei 
ia  ffrcat  aa  Ibe  beat  wbkb  U  ^ivea  to  the  eiLrtb  ;  it  id  ifiilculati;^  tbat  the 
ialentitj  of  b«at  at  tb«  snrfsc^  of  th«  mn.  Is  a^vcn  tiificf  u  great  m  lb«  beat 
of  an  ordioar^r  blaat  funuie«. 

Tbft  &aed  itarj,  the  ■ana  of  oth«r  f  jitemi,  nolwitbitanding  their  great  die* 
tane*',  exert  n  verj  Important  iDflucncc  upoa  the  temperature  of  tbe  earth.  It 
Laj  bcea  eetitontcd  ibal  they  fumiah  to  our  eartb  four-fiflha  na  much  heat  aa 
tbe  iiui  t  *od  tbat,  witbi><ti  tbij  addition  ta  tbo  lun'a  heat,  neither  aaimal  hot 
TfCStahls  litb  could  exiat  np<9n  tbo  c»rtb. 

744.  Bxtreines  of  natural  tempemtate,— Ctipiain  Parry,  in  1810, 
found  at  MolTille  Inland,  a  temperature  uf  — 50"^  and  Captain  Blackp 
at  Furt  Eel  lance,  at  60"  N.  latitude,  obscncd  a  temperature  of 
— 70^  I>r.  At&riah  Smith  records  the  extreme  heat  at  3IdhuI,  West- 
ern Asia,  in  1844,  &s  114=*  F.  (Am,  Jour.  Sci  [2]  iL,  75.)  At  Bagdad, 
tn  1819,  tbe  thermometer  rose  to  120^  F.  in  the  shade.    In  the  sun,  ftt 
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Mg^alf  near  th«  of  tlie  anclc^t  Nineveh^  Dr,  Smith  reocirdB  tks 
summer  toinperaturQ  at  H0°  F,  This  la  prt>bab]y  the  bighest  naltml 
tcmporature  uiillientioally  recorded.  Thus,  the  ettreme  range  of  natural 
temperature  observed  is  SOG^'-iS  F.  In  thig  latitude,  between  sumiuer 
aod  winter,  tlierc  is  often  a  difference  of  110''  F.,  and  in.  the  shade, 
comparing  the  temperature  m  the  buh  of  aummer,  there  irould  be  aa 
increaso  of  at  least  30"^. 

745.  Terrestrial  radiation. — The  heat  which  the  earth  receiTM 
from  llie  fiun,  does  not  penetrate  more  than  from  50  to  100  feet.  At 
Piirijj,  thiti  stratum  (called  the  first  stratum  of  luTariable  tC!nipemttir«) 
U  fmtnd  at  a  depth  of  gG  feet.  Descending  into  the  earth,  below  the 
point  of  constmit  temperature,  there  is  a  gradual  and  regular  iaereiue 
of  temperature.  The  amount  of  this  increase  is  about  l*'8  for  ever/ 
huiidrcd  feet  of  desceaL 

0^9erv»tioai  on  thli  point  bmre  bdes  exteDsivelj  made  in  dftsp  iniaei  and 
Art^iiiJiti  welts^  aonj  atways  witli  n  iiearlj  oonstant  rcimlt.  The  TarmlioDi  un- 
diMibtcdty  arising  {torn  tbe  DutuTfl  of  tbo  ioil,  ADd  itiS  eoDduetibilliy  fox  be«4 
Wjiicr  fr<jm  Aftosi&u  w6ll»  alwty*  a  higbisr  Jemp«rai«r&  tbitti  furf*«  wmter. 
Thn^t  the  irater  Rriitag  tn  the  Ontifllle  ArtesiaD  Well  n-car  Pari^,  from  il  depUi 
of  about  2100  r««t,  baa  a  l«Eaper«tur«  of  St^  F.  At  ^^(•qsQ.Uwerk«,  in  Weitpba' 
liii,  i«  a.  well  2200  fe«t  de&p.  The  vaier  Tifliag  from  it  bad  a  lemp^ralura  of 
01*  F,    Compare  J  20*. 

A:9saiiimg  tbo  ratio  given  above  for  tbo  iDPrease  En  temperature  as  w«  d>cjwnd 
into  the  esrtb,  iLt  ilia  depth  of  two  miles  wrator  «rgiiild  boil;  at  abotil  23  milci, 
or  oul;  tif  tb«  «MrLh'fl  rndiUf,  there  woald  tw  a  tenii»ermture  tif  2200°  F. 
At  this  tomprraturo  caflt-in;>n  mdti  in  tLe  opoD  air,  imd  trap*  basftlt,  obsliliaa, 
iLtid  Jiiime  otb«r  Tueke,  bui?aiii«  pcrAsetty  fluid,  Dut,  lu  PouillGt  ob^errcx,  tb« 
eisiinnuti*  compression  producred  by  this  weigbt  of  ibe  upper  strata  rcettug  upoo 
tbp  lower  portiooi  of  the  enrtb'd  cruAt,  raised  the  point  of  fufion,  «o  that  Iba 
jitiiat  of  p€rf€crt  or  pArilal  llui<Uty  is  CAmed  fur  lovrer  than  &  direct  rmUio  would 
give;  but,  with  due  allowance  for  Ibe  effect  of  prea^n  npan  tbe  temperatnra 
of  fuiton,  tho  thleltncjis  of  tbe  eartb^e  eruBt  oanaot  be  ni|p|Ki«ed  t4»  eseeed  o&« 
buudred  milei, 

746.  Ori^iD  of  ieireatrial  lieat. — Numerous  theories  bare  been 
adTanced  to  account  for  tcrrCBtrial  heat.  Some  attribute  the  heat  to 
local  ehemieal  action.  Thus,  Boyle  explained  it  hj  the  decora poaitiuti 
of  pyritea— a  view  no  longer  esteeined  tenable.  The  beUef  in  a  cen- 
tral tire  within  the  earth,  now  generally  entertained^  is  found  la  tbe 
tiiytliulogy  of  many  nations,  originating^  most  Hkely,  in  observatioa 
of  volcanic  fires.  For  evidence  that  tlio  earth  was  once  a  fluid  aiaaa, 
see  II  01  and  102.  Thiji  quostitm  is  of  tlio  higbeat  gpolfjgiciil  intereiit, 
and  its  d.ii*cus*inn  muet  be  referred  t*>  treatises  on  that  scicuee. 

747.  AtmoApberic  electricity. — Another  source  (*r  heat  is  frtino- 
epberic  electricity ,  the  origin  of  which  is,  at  prcsunt,  iihroutlod  m  mj*- 
tery.    The  more  usual  form  in  wliich  its  caWriic  [jowt^rs  are  pros 
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U  9eea  in  ilia  effiecta  of  a  powerful  flash  of  lightning,  which  oot 
[ueiiUjr  fusea  metala  uid  e^rthj  matter  with  which  it  comes  in 

in.   CEJEHICALr  SOURCES  OF  HEAT« 

74^.  Ohomioal  comblnatioi^ — When  two  ^ubst&ncesi  tattr  ioto 
chemical  combination,  there  t«  generaUj  an  eleTatiofi  ©f  teiaperatuf«, 
hat  Bumetim€ft  also  a  depression. 

When  then  u  m  slaw  mnt)  gmdDml  chemical  combloatltiiij  the  dejrelnpmcnt  of 
h«at  cuiii4t  alwaji  h«  af•pT«<^^al«d,  Tb«  same  atsioaat  beat  a  dtrdupcd  m» 
if  the  c^amlimattQii  Jook  plaCc  qnicklj,  bQ^  IxiiD^  ri:t«tided  OT*r  a  greater  lime, 
it  b  mapprvcLahis  at  uj  tiDgle  Bi«meiit,  and  nnnol  be  a(eurat«1ir  tuuLnirtd, 

Cbemieal  ^ombinallon  fometime*  taken  place  at  the  (trdibmsj  fipmp^ratare  ; 
hut  H  ii  nft«B  ii««e«»arj  U>  heat  the  bodies  before  tbrj  wiil  nalte.  An  exampLo 
of  lh«  6nt  «laa«r  n  the  iBtx litre  of  tulphadc  acid  wtlb  water,,  or  the  ttakiag  of 
hamt  timei-^in  both  eaae*  a  laj]g«  amoBDt  of  heat  ii  derclopwL  As  exampl^ps 
ot  th«  »eroiid  claaa,  are  wood,  fQlpbar,  aad  phi»ffphoraj%  wMeh  Ao  aot  joflisie 
al  the  ordinary  temtteralarc. 

B  749.  Combastian. — When  the  heat  deTcloped  bj  the  chemical  com- 
^  btiiatio&  of  two  bodic«  produces  lutnitiostty*  the  bodies  are  said  to  burn. 
1*4  IIm  pbenonieDon  is  called  combustion^  If  one  of  the  bodicn  burning 
is  solid,  it  is  caU«d  Jin :  if  gaseous,  fame.  Ai  bodies  are  u^utdljr 
barosd  in  the  at]zio«pberic  air,  the  term  cocnhustion  has  come  to  be 
restricted,  in  a  populai*  sense,  to  the  union  of  bodie«  with  oxjgeii, 
deieloping  Light  and  heat, 

la  a  ehemieal  aeofe,  hoveTer,  the  term  «oixiihaftioa  hai  a  wider  range,  and 
refers,  general) v,  to  ebemical  udido,  even  wbea  tbe  bodiet  combining  Ui|^t|teT 
do  aot  erolre  cither  Hgbt  ot  tentible  beat,  Tfaaf,  Iron  ■lowlj  miti  or  ea^ditei 
in  the  air,  wood  gradually  decaja ;  theie,  to  tbe  eheiai4t,  are  at  tmtj  eate*  of 
etomhaation,  m  those  torire  rapid  eombinatio'Di  with  oijgca^  wbtch  arft  aeeem- 

tpaiued  hf  tbe  rpieodid  et olation  e^f  lifbt  and  beat. 
75j0.  On  the  caas«  of  tbe  beat  geoetated  by  comb  nation,  there 
is  A  great  dlTersitj  of  opinion.    According  to  tbe  djn  arnica  I  theory  of 
beatf  it  ii  the  t^ibratin^  tnotion  of  tbe  constitoeiit  atoms  of  the  bodies, 
as  the  J  combine  together,  that  producca  the  rise  in  temperature. 

When  tbe  state  of  sggregation  of  one  or  both  of  the  bodbs  combining 
IS  ohmged,  Ibe  heat  whteb  wm  latent  becomei  sensible  ;  or  if  ther«  ia 
ft  depfessioii  of  temperattire,  as  ii  sometitne^  tbe  case,  a  portion  of  the 
seit^hle  heat  becomes  latent.  When  there  is  no  change  In  the  state 
of  aggregation  of  ibe  bodies  combining,  it  ie  explained  hj  the  »pecific 
heat  of  the  compound  being  leas  or  greater,  arcofditig  as  then*  ii  a 
dcpre6Ai<rm  or  deration  of  tern  pent  tore. 

751,  Tbe  amotmt  of  heat  developed  bj  chemical  nctlriii 
great  praclical  importance,  aad  ha«,  for  a  luug  iimv, 
tlon  of  phjeictsU.    Tbe  6r«t  expertmeal|^POn  this  tui  :  l 
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in  1790,  by  Lavoisier  and  Laplace,  bj  means  of  their  ice  calorimeter. 
Count  Rumford,  in  1814,  Welter,  in  1822,  and  Despretz,  in  1823,  are 
among  tliose  who  have  contributed  yaluable  researches  upon  this  subject. 
Compare  1 715.  The  most  elaborate  series  of  experiments  upon  this 
subject,  was  made  by  Favre  and  Silbermann,  in  1844 ;  a  portion  of 
their  results  is  found  below. 

The  thermal  unit  is  the  heat  necessary  to  raise  a  weight  of  water, 
equal  to  that  of  the  combustible,  one  degree  of  the  scale  of  Fahrenheit's 
thermometer. 


HEAT  DETELOPED  BT  BURNING  DIFFERENT  SUBSTANCES  WITH  OXTOEN. 


Names  of  mibetanees. 

FormaUe. 

Qnantlt7  of  h«at  emitted 
by  one  of  the  oombattiUe*. 

62031 

Oxjd  of  carbon  .... 

CO 

4325 

23513 

Wood  charcoal  .... 

145U 

Natural  graphite    .    .  . 

14006 

14184 

4032 

21344 

10800 

Sulphuric  ether  .... 

c«n,o 

16248 

C,H,0, 

9552 

C.HeO, 

12931 

C,H«0, 

17676 

c,n.o, 

11326 

18892 

Essence  of  turpentine  .  . 

19533 

6480 

4S60 

The  quantity  of  heat  diaongagcd  during  the  combuBtion  of  an  elementary 
body,  is  the  same,  whether  it  attains  at  once  its  maximum  of  oxydation,  or  at  a 
number  of  times. 

Thus,  carbon  disengages  a  certain  amount  of  heat  during  its  conversion  into 
carbonic  acid.  The  same  amount  of  heat  is  erolvcd  when  it  is  first  conrertcd 
into  carbonic  oxyd  and  afterwards  burned  to  convert  it  into  carbonic  acid. 

752.  The  pyrometrical  heating  effect  of  a  snbstance,  is  the 

intensity  of  the  heat  evolved  during  its  combustion.  This  varies  much 
with  different  substances,  and  depends  not  only  on  their  composition, 
but  also  on  their  state  of  aggregation.  The  conclusions  of  an  economic 
character  derived  from  this  subject,  are  as  follows : — 

Ist.  The  pyrometrical  heating  power  of  carbon  w  greaier,  and  thai  of 
hydrogen  smaller,  than  those  of  any  other  combustible, 

2d.  The  pyrometrical  heating  poioer  of  the  ordinary  fuels,  composed 


gait    g^^tater  in  proportion  io  the  amount  of  carbon 


Zd.  The  ^rtframdtie&l  hmfingpoKxrM  of  different  jfuds  are  much  grmt^r 
0xy*j^n  than  in  air.  TAus^  bdwem  carbon  and  hydrogen  hvrned  in 
tftjrn^  fhft^e  w  a  differtn<x  of  12.000°  F..  in  air  only  1500* 
753,  Relatiir©  value  of  fuel. — In  the  following  table  u  giTCO  tUa 
b«olut<e,  fipecific,  and  pvrometrica]  heating  eSbcts  of  diflercot  combos- 
tibW:— 

ftBOiriNG  THE  KBATiHO  Ksncn  Of  DtrrsKKXT  BODIES  Bini.!rci»  l« 

AIM, 


IIjrdrof«ii  .    .  , 

(JsMOiili  eombuiiLibi 

fialphaiie  clber  . 
Woftd   .    .    .  , 


J*,  c 


kttant  t?atl  {i 

C«k«  (not  mora  Ihrna  5  p. 
fcMb.)  


0  23 

0  SO— 0  2S 
M5— 1  22 


0.33—0*85 

»64— 9«r 


0  oorr 

ODOOIO— 0  00§37 
021 

014— 0*18 


2»0»* 

18^0— IIM"* 


1575— I'M"* 
1575— 2000» 

23M— 2^50* 


Ttie  tlgbter  woods  bom  more  quick! wllti  ft  gT«jlL*t  fliUD«,  ud  mor*  lal«flM 
a>t  itiiu  ttia  more  dcDM  woodi.   The  sinoiiiit  ud  ixit«a«itjr  of  tbo  heal  fr^n 
fhe  dUTefTQt  fo«l4  de{>9iid9,  to  «  gnat  estest,  on  their  lUto  of  dijscM. 

754.  CombiaatiooB  in  tbe  bumid  waj, — Memn.  Een,  Andrews, 
"d  Omii&isi  hate  made  importiwit  jrcrtearchcs  ufrm  the  beat  evolved  ill 
•oiKibmAlicma  in  th«  humid  waj.    Their  priudpal  results  may  be 
mined  tip  M  fallovrt 
lit.  Eqttiraiertis  <yf  the  different  acid*  tombtning  with  the  same  ban, 
produce  the  tame  qttantitt/  of  heat, 

2d,  EquiraUnti  of  ihit  different  baseM  eombiniag  wiik  ike  wame  acid^ 
produce  different  qnantUiet  of  /*ea£:  gtnmuU^  <Ae  more  energetic  haset 
diMtngagimj  the  most  keat. 
3d.  When  a  neutral  ia!t  (i  eonvtrkd  into  an  aeid  salt,  there  it  no  dt^ 
iiatjaaent  of  fieat. 

4iU.  frArn  a  netitral  *alt  is  conr-eried  into  a  basic  salt,  there  is  a  dis- 
^ta foment  of  hfat^ 

'5$.  Anloul  be4t ;  warm  and  eold-^btooded  antmalB. — 
wuXnm  of  orgaaited  beingi  ia  icldom  tlmt  uf  tiie  medium 
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rounds  them.  There  is  within  the  liviiig  body  a  serhB  cif  chemical 
aetbiifi  tiiklng  plm^t  a&d  tbeso  are  sourcea  of  heat. 

In  warm-bloo<l«d  Animftl*!  u  the  m^mniifc'rs  and  blrdSi  the  boat  proilu^ctl  «l 
eiicli  m  stall  t  comfMStiBfttoa  for  tbat  lo«t  from  tho  Biterior,  ftiid  rbue  tim  boJj  u 
k  opt  Hi  a  u  aliform  temporataro.  In  cold -blooded  iAtratJAji  u  reptile,  fisbcs,  mni 
mMitiCA,  heal  U  nJao  gen^rAted,  but  lo  ilowlj,  tba^t  tboir  temfMrfttiirc'  u  but  t 
Tory  foH  dogroca  aboiro  that  of  tli«  ettrrounding  msdium,  and  oJWi  U  oiolj 
QquaJ  to  iL 

750.  Tlie  cause  of  animal  heat,  it  bajs  long  been  Ci>njectiir0d,  vp4 
the  chemical  actloa  takiug  place  within  the  body. 

CrMrwford  appears  to  have  hcon  the  Snt  to  adYftDee  t.ti«  doctdoe  tbat  TetpiA- 
tioa  wag  the  cause  of  ADimtkl  beat.  Larotaief  Binpposcd  that  tba  air  undarweiit 
in  tbo  lungi  t,  cdtubuatiani  it«  oxygen  combiDing  with  tli«  e«rb«o  a&d 
fa^drogtia  of  tbs  blood,  formitig  oarboiilo  fteld  «>d  the  v»por  of  water.  Tb« 
luagi,  acDordmg  to  tbLi  vbw^irara  Ibo  ftiTDscei,  this  arterial  Mood  cttrTjlsig 
th«  beat  davekped  by  th*  combnitioij  mU*  all  part*  of  ibe  body*  Tbi*  riow  uf 
Lftrolskr  boa  booo  esscntiailj*  tnofliiScd.  A  ftev  tbeory^  foaodcil  upon  tbe 
■uarehofl  of  SpallansnTii  aad  Magaua,  ia  now  generally  received.  Tbej  deter- 
mioed  that  tba  arterial  blood  coDtftiucd  a  large  quantity  of  oxy^n,  cad  ib« 
vatiou*  blo(Hl  a  Urgo  quimUty  of  curbf^riio  acid.  It  h^i  b«eo  eooeludod  that  th« 
Tenomt  blood  reocbca  tbo  Inogs  Inaded  with  carbonic  acid^  whkb,  by  eQdu«mcti«| 
ttaireratd  tho  humid  walEa  of  thi>  pulmonary  collii,  and  pjupep  iuto  the  *ir.  C%t* 
honic  acid  ij  ibua  eibalod,  aod  OJcyg«n  h  absorbed.  Becotning  thun  arterial 
blood,  (bo  blood  h  forc'ed  throuj^h  the  artcrlee  int^  tbe  eapillajiea  <»f  tb«  difrer" 
ent  organe,  where  a  moro  or  icss  oonaiderable  «oiiibit0tlo^n  of  tafboa  takei  pUec. 

It  baa  not  aa  yot  b<ien  demotialr&tcd,  tbat  tho  bydrogon  of  tbo  blood  «otnbin«l 
irUb  tbo  oxygen  of  the  air.  Tudeetl,  moat  phynklogifltf  tliink  that  tbo  rapor 
of  water  exbalod  m  rcBpimllon,  ia  aiuiply  an  QTaporation  from  Iba  iungc. 

757.  temperature  of  urege tables. —As  tbe  plant  is  tbo  scat  qI 
nutnoroua  chenilcal  actiuoa,  so  also  it  19  a  aourco  of  beat.  The  Uim' 
perature  of  plauts  is,  in  generiil,  from  0^'9  to  F'l  bighe-r  than  that  of 
the  surroundLDg  air,  la  a  few  exceptioDal  cases,  U  is  much,  higher. 
Tbmt,  the  Arum  tardi/oUttm  of  the  Isle  of  France,  at  tbe  time  of  blot- 
eoming,  rcBclics  a  temperatare  of  W'2  F.,  while  that  of  ihe  air  u 
about  G7°*  Pluats  attain  their  highest  and  lowest  temperatures  lome 
hours  later  than  the  maxima  and  minimii  of  dailj  temperature. 

I  13.  Correlation  of  Pbyslcal  Forces. 

I.    MECHANICAL  EQUlV'At-KJ^T  OF  H14T* 

758.  Helationa  of  heat  and  force.— It  is  well  known  thai  th 

an  iotimato  relation  between  heat  and  mechanical  force,  and  tliat  one 
umy  be  exchanged  fi^r  the  other.  A  given  quantity  of  oti«  may  be 
converted  into  a  determlDatc  quantity  of  the  other,  aa  ia  shown  in  the 
case  of  the  s team-en gme,  and  in  the  production  of  beat  by  mechanical 
means  {U  735-741]. 
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75%  Uaitof  m«aBiirement.  the  foot-poand. — In  the  experimenU 
iifwD  the  mechartkal  equivftlent  of  heat,  the  unit  ndopted  in  England 
tia^d  in  t(»b  country,  u  the  foot-pound,  or  the  mechanical  force  expended 
in  raisiog  tt  pound  weight,  one  foot  high  (T14}.  In  Franco  and  other 
Bitropeait  o&un tries,  the  unit  adopted  Li  the  mechanical  force  expended 
m  nMMg  ooe  kilogrtLmm^  (2'204€  lbs.}  one  metre  (39*37  in,)  high. 

700.  Determination  of  the  mechanical  equivalent  of  beat.» 
According  to  the  DjTiamical  Theory  of  lltat,  the  mechanical  equivalent 
of  heiit  Is  l&depeodent  of  the  nature  of  the  body  bj  whose  agency  the 
tnuatCbnn&tion  of  mecbanieoi  force  into  heat  is  effected ;  hence  the  same 
resaU  »hoald  be  arrired  at,  whateTer  course  of  experiment  is  adopted. 
Mr.  J.  P.  Joule,  of  Manchester,  Eaglaad,  has  made  the  mo«t  exact 
determinatloii  of  the  mechanical  equiTaleut  of  beat  in  a  series  of  rety 
careful  and  elaborate  experiments,  conducted  between  the  years  1840 
and  1843.*  He  detertaioed  the  mecbaiiical  equivalent  of  heat  ia  a 
bamber  of  waj&,  rerersiing  the  question,  and  determining  the  amount 
of  heat  produced  by  a  certain  expendittirg  of  mechanical  force. 

One  metfaod  was  by  the  compression  of  gaMS ;  comprising  air  with 
a  great  force  in  a  copper  rccciTer ;  in  one  aeriei  of  experimenta  filled 
"With  air  only,  and  in  another  with  water.  The  whole  apparatas  was 
plac^  in  Uie  water  of  a  calorimeter,  whose  temperature,  before  and 
ikfter  the  experiment,  was  carefully  detertni&ed. 

The  hrfti  deTeloiwd  hj  the  fHetion  of  wtter  and  ot  oi),  wui  dttanalaed  in  ma 
ftpparstua  «oaf  ttluig  of  »  brus  p«d4ie'irh«l,       519,  baTiag  rcTubiing  urmfl, 
i,  ff,  worhmg  bfltween  etAtioa^  faaef,  e,/.    ThU  vbeel  &19 
WM  )afed«  t0  reTolFe  br  th«  deievnt  of  a  known  weight, 
ADd  thui  the  mcckajiicai  force  eserlc4  wm»  debeimincd,  A 
■tiALlBt  *pj>Hratua,  of  aui«JJer  eiie,  and  mftde  of  itvtif  wu 
wmd  tot  eiperimeotJ  on  bercar;-.    Id  ill  ruci,  ibe  App*- 
nttts  VM  plAtfed  ifi  a  mfsUtlic  restcl  SU«d  viih  the  Uqnid, 
add  the  tenpentiin  noted  befiir«  *tid  after  the  experiment 

In  hii  exi>crtiii]eou  oq  ibe  friciioD  of  lolids,  Mr.  Joa]« 
nmd  u  appni-ttuB  eooiUtiog  i>f  >  rerticAl  ax»,  which 
earridd  a  berole^l  «ajt-irua  wiiecl,  ■gainst  wblcb  «  Ox«d 
eiiit-iroa  wheel  wti  pre^ieii  by  *  Iwcr.  The  frhole  wtJ 
|»lttDfed  in  »n  ir^ti  reiMl  filled  with  mercury,  tb«  Mi* 
^AMiog  thr»a£b  a  bole  io  the  lid.  la  ell  of  ibeia  expvri- 
mntM,  ibe  temper  At  unci  were  Qot^d  bj  thennLOineterf,  wbieh  mdicntod  a  vvia- 
ti»a  of  teraperAlitn  of  tb«  onv  two-htuidnd|h  of  ■  disgTee  F. 

TCI,  ReanJta  of  Joole'i  experiments. — In  the  following  table  are 
g^feo  the  most  important  retults  obtained  by  Mr.  JouJe.  The  second 
eolomn  givea  the  resulta  obtained  in  air,  the  third  column,  the 
reaulta  corrected  £w  a  racuum. 
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FORCI  REQUIRED  TO  HEAT  ONE  POUND  OW  WATER  1^  F. 


Blaterial  employed. 

BquivaleDt  (in  foot- 
pound!)  in  air. 

EqaiTalent  in 
▼aeuo. 

Mean. 

Water,  .    .  . 

773-640 

772-692 

772-692 

Meroaiy,   .  . 

773-762 
776303 

772-814  1 
776-352  j 

774083 

Cast-iron,  .  . 

776-997 
774-880 

776  045  \ 
773  930  j 

774-987 

Conoliuions  deduced  from  Joule's  experiments. — 1.  Tke  qtum- 

tiltf  of  heat  produced  hy  the  friction  of  bodies  is  always  proportional  to 
the  force  employed. 

2.  The  quantity  of  heal  capable  of  increasing  the  temperature  of  one 
pound  of  vHiier  {weighed  in  vacuo,  and  between  55°  and  60°)  by  1°  F., 
requires^  for  its  evolutiont  the  expenditure  of  a  mechanwal  force  repre- 
sented by  the  fail  of  772  lbs.  through  the  space  of  one  foot. 

Consequently  a  force  of  one  horse  power  (714)  would  raise  42  7  lbs.  of  water 
1°  F.  each  minute,  and  would  bring  it  to  boil  from  60°  in  two  and  a  half  hours. 
Prof.  Thomson  (Phil.  Mag.,  Feb.  1854)  says,  it  is  mathemaaeally  demonstrated 
from  the  dynamical  theory  of  heat,  that  any  substance  may  be  heated  30°  F. 
aboye  the  atmospheric  temperature,  by  means  of  a  properly  contriTed  machine 
driven  by  an  agent,  spending  not  more  than  one  thirty-fifth  of  the  energy  of  Uie 
heat  oommanicated,  and  that  a  corresponding  machine,  or  the  same  machine 
worked  backwards,  may  be  employed  to  produce  cooling  effects. 

When  a  body  is  heated  by  such  means,  ||  of  the  heat  is  drawn  from 
surrounding  objects,  and  ^  is  produced  by  the  action  of  the  agent. 

II.   DTNAVICAL  THEORY  OF  HEAT. 

7C2.  The  dynamical  theory  of  heat,  which  rests  upon  the  suppo- 
sition that  heat  is  motion,  or  the  result  of  motion,  is  founded  upon  the 
constant  relation  which  exists  between  heat  and  mechanical  force. 

763.  Motions  of  the  molecules. — In  this  theory  it  is  assumed 
that  the  particles  of  all  bodies  are  in  constant  motion,  and  it  is  this 
motion  which  constitutes  heat ;  the  kind  and  quantity  of  the  motion 
varying  with  the  solid,  liquid,  or  gaseous  state  of  the  body. 

Thus  in  tolida,  it  may  be  assumed  that  the  molecules  are  continually  oscilla- 
ting  about  their  position  of  equilibrium.  This  motion  may  be  vibration  of  the 
constituent  atoms  of  a  molecule,  or  of  the  entire  molecule,  and  may  be  rectilinear 
or  rotary. 

In  liquidt,  the  molecules  have  no  constant  position  of  equilibrium,  the  repul- 
sive and  attractive  forces  being  nearly  equalised.  The  movements  of  the  liquid 
molecules  may  therefore  be  either  vibratory,  rotary,  or  progressive. 

In  gatet,  the  repulsive  force  predominating,  the  molecules  move  onward  in 
straight  linos. 

7G4.  Changes  in  the  state  or  volume  of  bodies. — This  view 
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tzplftlizs  the  pmliiQiSoa  and  «oa«iiiiipliOit  of  bni,  which  acoompuj 

ehiuiges  of  ffUie  or  rolame  ia  bodies.  The  woil  t>erfbnaed  »  pwtlf 
internal  and  partlj  exLero&L 

Thai  when  ■  solid  It  melted,  diera  is  ma  latarDil  wwk,  cntfiToj'nl  in  tluogfng 
llw  ftlatiir*  po«i|ki]|  of  the  m&ledule«,  and  ia  NHiM^aeaee^  ui  absorplioB  of  beii 
propttrtiMtal  U>  ^«  work  »i;^(^DPJp|^3bc4l,  Is  «f-»|>i»f»U«>a  tbtt*  is  u  ijileriiBl 
V*ffc,  e«plof«d  in  icpkntiof  tb«  molecalc«»  mnd  ealeni»l  vork  ia  «ir«f««KiBg 
llto  HbpOTS  whieb  appiMs  tbemHlim  to  tl»  cxpassioB  cf  thm  wmpot. 

"Whtm,  OB  Ibift  ««otrar7,  a  sa«  or  r*^<n  if  liqoefied  bf  eonpreiiiour  llie  txleiHAl 
work  U  iupplied,  sad  tbe  interasl  work  dan  to  ib«  eo1i«i*-w  farem  irhkb  drmirt 
ih«  ftltnoitiliere  iagetfaert  is  irusfoniied  iota  bcAt.  Af^kin,  wbea  m  Uqaid  tuUdi. 
tttt  ih*  inteniiil  «ork  whieb  niutef  ibe  malecatH  is  InuToniiad  into  host,  aad 
appe&n  u  Bcrn  vible  bat 

li  is  eridtfDt  tbmt  ihis  tktorj  would  modify  the  idsM  g«MC*Ilj  rveelrfd  of  tb« 
■Maul  of  beat  ia  bodies.  Tbtti  tbc  beat  vhicb  is  laaiiiaJ  lateal,  wbea  a 
AM^ta|BfljB«d,  eaaAot  be  regarded  rtmplT^      being  issensibte;  it  most  be  etftisi. 
^^^Bai  being  eoo verted  Into  notion^ 

IIL    AXAt/iOl-  or  tiaifT  HEAT. 

TGo,  Vibrationa  producing  heat  and  light. — A  earefal  eon^ide- 
raiioQ  of  the  pheoomeoa  and  tawi  of  beat  has  led  manj  ahle  phjfictsti 
lu  dondude  that  heat  U  not,  as  was  fi>riDer1j  iapposed,  a  fitie  iiapooder- 
ahl0  mibsta'D^^  hut  that,  like  lights  tt  is  a  ^^eculiar  Tibratorj  fDoUon  of 
the  uUimate  particlea  of  bodies.  The  e*act  tiatnre  of  the  tibnitory 
tnotiuo  of  alome  which  ooDtUute^  heat  b  mure  difficalt  to  detennme. 

The  potariuitioti  of  heat  is  best  explained,  like  the  potarizaticin  of 
light,  hj  the  ih«>urj  of  tnuiflrerK  vtbrations.  On  thia  theorj : — Ifcai  and 
litjkt  art  dijenai  tffteU  prodneed  by  am  and  tke  mme  caute,  and  the^ 
dtjfcr  phtfMi&iIitf  onl*f  ia  Ike  rapidity  and  amplitude  of  their  tibraiitmM, 
While  the  pheDoroeoaof  ligbt  are  due  to  Fibratbn*  wbo«eataio«t  ra&ge 
of  relocitj  IB  coDipreheaded  within  the  Hoiit  of  an  oetare  in  maaio 
(531)*  vthralians  of  lesta  rapidity  and  greater  amplitnda  produea  h«at, 
while  the  Tibrationi  which  produce  llghl,  also  in  their  turti  prodaee  Uit 
phenomena  of  herat. 

706,  Impteuiona  of  light  and  heat.— It  tt  nalttml  to  admit  that 
the  more  rapid  Tibratinna  of  ether  are  geoerallj  those  which  hare  th« 
t(Mat  ajnpUtude.  In  f»ct  thia  resalt  ia  daduced  from  an  examination  of 
the  Bpectram,  which  present*  a  more  feeble  illumination  m  the  blue  and 
Tiolet,  It  \t  the  same  with  aoaoda.  The  more  a^ute  tounda  hare  genO' 
rallj  the  least  intensltj,  while  the  baia  n&t&s  are  more  prolongml,  Aa 
grate  anundu  have  little  iniea«ilj,  becaaae  their  amplituda  in  greats  »o 
nith  ▼ibrationi  of  the  luininiferoaii  ethen  we  observe  that  Ut« 
of  tbo  i|iectraoi  hu  bat  little  briUiancj. 
TftnUeni  Iwtneiied  span  the  air  bj  seootooi  H<»dlet  nt«ir  pm^aim 
tvn  soTl*  tft  iftiwtioos ;  tfae  oa©  perMtred  by  •  epc 
4& 
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vlbrationA  ftro  Buffieiontl;'  ropiij  Ihe  other  jklTe^ltDg  llio  eariro  surface  of 
boilitttf  pruducing^  tbat  gcaoral  trdmyitif  M-biob  ro^uka  from  vnerj{vti«  vibt^ 
lU)n»,  Of  in  the  cose  of  ibundor  the  roar  i>t  rmnofm.  Only  ^fmrc  loiindj  cpi- 
roitpodi]  tt>  vibr&timis  of  8lJ^Gd^(^Dt  &D)[>tltude  lo  prudnee  Lliis  gnncriU  cffrcl.  On 
Ihu  olbur  badd^  Tibrjitioni  of  t^o  great  rapidily,  «iid  con>4rt]u«ntly  too  tittf« 
AmplUu^k,  raay  fail  Id  aWoqI  even  Ibe  «ar^  lu  is  tb«  euto  wttb  vibriLtiuna  cx>^- 
liig  3(1,50!)  per  sflcondj  f  liT  8,  We  maj  coD^idtsr  the  ffctto  tibrwliopi  roiti  i»iidi^iif«4 
tq  Uie  Hhct  by  Ibo  moleeulcB  of  luiuiQoui!  bodice  a«  giving  ris«  to  two  sorts  of 
imprae»ioua  ;  Ibe  one  i^e-oulmr  to  the  O'rgatt  of  rieion^  ibu  otbar  Ling  ilie  wbol* 
larrimfl  of  the  bndj";  tbe  runner  comstitaliog  the  itnpresttoti  uf  Ugbt.  the  t^lbef 
givtug  the  imprcdBion  of  boat  wbcn  tb«  imiplitude  of  tbe  ribrftliout  is  lufficiontJf 
grout, 

Ilut  the  colpred  r&yi  wbiob  perUto  lo  Ibe  extrvme  Tiotet  of  tbo  •p««tma 
produced  by  vibrfttiona  wbicb  aro  vety  rinpid,  mi  which  «otisigi(|[tiotitJy  hmV9 
lUtlti  JimplLtudc.    Such  vibrat.iuui  are  not;  fiuted  to  prodnco  ibe  geniiral  e€«c 
wlibh  ij  dctioniiti»t«d  hcAt.    Hut  when  the  ribrutorj  entrj^y  i«  fi^bl^,  u  iitj 
fpsctjum  obttt.iite4  from  the  electric  light,  there  ate  more  evident  *igoi  of  ht 
in  tha  viukt  portion  of  tbu  Bpectrniu.  In  gcceriLl^  tbo  leia  rapid  vibratiDns  foan 
in  the  ycllufr,  orange^  and  red,  produce  beat,  atid  eren  bcyood  the  extreme  redg 
wbi^rc  tbc  Tibrationi  uris  too  slow  to  prodoce  ligbt^  tbe  great«r  amplitude  of  tb 
Tibratiooi  g  iTei  thetn  great  power  to  product  tb«  phecoin^aik  of  hea^  Coin  part 

AKrial  vibratioaa  of  great  ampliti]d@;»  and  a  moderate  degree  of  mpidttr,  Aif<L«ci 
tb«  «Qtir«  iijdl«iiii  (SS6)»  and  when  Icei  than  3S  per  te^^ond^  tboy  scldutu  ]iryduc# 
the  9«ciaAtiuii  of  lound.  So  Also  if  tbe  vibratioDA  cxooed  Mj500  per  sccuod,  tbeir 
amplitude  is  so  9mM  that  no  andihlo  sound  Is  prodansd* 

Tho  gradual  wcakcninj;  of  tho  violet  tint  of  ibo  spectrum,  and  Ibo  ositteitfiAj 
of  inviaibla  ray*  b&fond  th«  extreuic  viulot,  u  aitcMsled  by  cbi-micnl  aoiioft 
6uor«iciSQ(!D,  II  463,  iZ'i,  prove  thij  emn^  thing  in  regard  to  UgbL    Rtimi  an 
light  may  ihereforij  bo  re^nnled  as  diffi<ricQt  efTijetg  of  the  c»w«  cauf«. 

707.  Bodies  become  luniliiotu  by  lucandeAcence.— WheQ 
boily  is  heiited,  the  ^onrci?  of  heat  fiT»i  catnmiiniciute»  tibratiotis  to 
other,  and  then  to  the  moleculea  of  the  b*«Iy.  The  vlhrattjij;  iuol«cu] 
ki  turn  react  upon  the  ether,  and  csctte  undnlniionu  of  diffRrent  f  engtlis 
the  longer  vibrations  correBpondin^  to  the  cnlorific  rays  of  rerrmQ' 
gihlLitj,  will  have  a  greater  atnplitud^,  atid  will  be  tlte  first!  to  Uecomtt 
sensible  aa  light 

Btlelloal  discorered  that  tbe  beat  rajj,  etdtlied  hy  budiea  of  law  lempurvlu 
arc  but  Uttle  rofra«ted  by  »  prbm  of  rock  aalt,  but  na  tUo  beat  of  Ibo  bod 
hccDmct  more  iniciise,  and  the  amplitodo  of  all  the  ribrationi  itiaj  be  com 
dqrijd  grcaiiT,  th«  raye  of  beat  an  more  rcfrttctcd,  Ih*  raure  rifraagiblo  ra 
appi!ivr  V.3  li};bt.  And  the  body  heootnea  luminous.   Tht4  rtMiuli  takci  plac«  at  t 
temperaturo  of  aboiit  917°'  F»brtinhcit,  wbiteirer  be  thfl  mature  of  the  lumliiott 
BiibilancQ.  Draper  formed  a  f  pDctniin  by  mcaua  of  light  fraiu  a  tiarruw  upenlti 
and  esamined  wUh  a  less  and  micrometer  the  positiool  of  ibe  dark  iinua  <i 
FrauBhofer  (Ml)>    tlu  afterwards  employed,  iofiead  of  ibe  narrow  ci|Hinitjgt 
platinum  wire,  the  temperature  of  wbioh  be  caused  to  vary  by  mcaQi  of  an  «Mt 
current,  tnore  or        inionfe,  and  he  found  that  tbe  wd  part  nf  the  tpertru 
appeared  flirit,  and  aa  the  heat  aad  brilliancy  of  liie  wire  incrrtuod,  the  otb 
eolorf  of  tbe  fpeclraia  inoMftiroly  appcrured  ap  io  th«  tioIoL   'i'hti  roault  la 


I 


Watifal  bsmiDBj  fritit  thm  thitmj  itslitd  aWrs,  C4 
fkowa  ihmt  A  lieiU«4  body  hteomm  lfs4  ndp  Ites  ^^Vl*^  •( 

1  Ml  wiat9  b««t.    C«mpmn  {  ITtp 

769.  B«at  and  Ught 
Mieiioii.^ — U  it  autj  to 
con«titiite«  ohetnicml  «cibn,  tbe 

iblendj  ii^t^ted.  And  btoofne  tbe  Mat  ^  mialtlio— 
fapldhf .  If  the  chemical  ictkiti  ia  «e«kt  tfci  ffbmfm  wUI 
md  thej  wiU  have  onlj  infidcat  ■■ptHarfit  to  mmmtlh,  mi  h  ham 
beeo  obserred  thai  the^  hot  tkm  ppttdaeed  fugjiahM  Cif*  mt4 
more  rerrangihle  u  lh#  tfcfitil  mOSm  bf  i«>wii  ■  Mt«  Mlfvc.  WbcB 
this  aclioii  becotnes  nfieieadj  Miifffltie  to  (Hv  to  the  mom  fSftf 
TibAtionfl  ft  pisJIIcieat  wnplitiide,  lig^ 

EipifiiB«fito  »how  ikmt  thfi  HD«l«r  «l  dM  ] 
«f  the  ittb«SAae«  firgBi  which  th«j  fruetci,  m4  it  It 

p«T«tiir«  ml  wkich  tifbt  btf^  to  affim,  iif  f  ig  tlw  «S  th»  wmm  «# 
■ubstKtiM  or      cdIac  vhkh  il  gfrw  fcirtfc.   W«  na 
i^Ainn  (7f  lliQ  fcrtiiwlw  will  afiH  lh*  fipiiiiy  «f 
ptMiimt  that,  if  il  «■!«  f  ewitli  I*  grmjmMf  lk»  mrngf  ti  ^  dbtmA- 

«ml  Mtion.  Ab9ttU  bd  fh«  teMpaatow  at  MA  %ht  kag^  to  ■fpMf  II 
mon  cl«T»ted  !■  prafKntioB  »i  the  •■l«r«f  the  lig^  vhfafc  lW  nifcilMet  itfto4i 
»ppT9aebto  to  irbito  or  TidJ«c  Tkk  e»^itiMpt  U  m^trmtA  kf  IW  brt  lhal  4* 
Ise«ii4e««n«e       to  chctokdi  Miw,  vhca  it  it  Swhto,  fifw  BwCh  f«i 

In  ■mrAam'troi  iha  ritiritfif  MtHoki  iapnto  «feti  fhe  ethar  vfttS' 

tiona  of  ilicFtst  eni  vhn  the  hUm  It  mMuUm^ji  vlalsl,  m  li  1l» 

i&ock  of  tvo  iint*,  or  in  tke  mMm  emfiWlM  «f  •  Bght  li  lIMil  Ift 
fonnMiiMi  vith  Hie  hcai.  flwi»>  egafa.  If  M  graiwato  ih»  ieto— Ity  »f  lh» 

actjttttf  W9  ^%ht  to  ohl^  *  «el«r  efftiafhi^        mm!/  to  white  m  ihe  a»- 
BcLi&n  if  more  Mm 

We  ib9$  PBC  ko«  the  «Mi  wUch  h«A  ttght  eserfbe  wfrnm  hMm  «am  h« 
«x|tlmio«d  ^  thm  tiuea^  ef  iieijleflniM 

hB4t  ami  bTnLpaeiible  to  czflaia  thi«  hf  |ha  f]ral9 af  aatlarfaa t^hvtl^ 
eeafttriag  thaii  with  ether  eflMto  ia  •lattie  bo^Mv^  thej  are  rwlil j  at;laiwe4 
19  the  theory  of  nodvIaiiDfei. 

7G9.  DUataitioa  mud  cluutge  of  *tA%m,—Thm  b«ftt  rseelfed  hj  m 
hod  J  Bgit*t«s  tbe  ether;  thu  ftgit^ik/n  it  otfmiTJui»»r»l*l  |»  the  n«]*> 
«ule«,  ftod  the  Talame  of  the  hotlj  u  locrewed  in  [kropiTrtbfi  w*  th« 
AiPIiHuide  of  the  tMtiilfAtion  of  th*  aoleealH  bteonie*  i^rMler.  It  U 
thnm  thftt  hodlea  vbkh  Tihmte  huBgiUftdnMlIf  apfiw  larger,  aiid  a 
tihntiDg  orjrdj  ajipeari  nroHeu.  In  the  mud«  ipaitfter,,  ctUtiactes  ufrpoaod 
lo  f£hra£iii£  p«rU  beoonie  repelled^  if  thej  art  m  Ug^il  m  not  to  aireet 
the  Tihratkna. 

Thli  ei pknatioci  teada  ui  to  a  rery  •impti*  and  deir  MhMm  Mf 
peratare; — Ilwjxr^ifrv  oommU  im  (he  ^r^arff  M6i 
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teithin  the  hodtj^  and  iUt  intemiit/  dtpmdi  upon  the  amplUud«  of  the 
tihraiions. 

The  tbcorj  of  cfantigefl  or  lempcratara  is  natural] j  eipUined  bj  tUa  teadtney 
to  estAbSiah  an  ftquUibriam  between  the  ftiuplitutle  of  tbe  vibrMieni  of  Iwdi«i 
ne&r  ciuib  otber,  tbrougli  tb«  medium  of  Uie  etlier  wbieh  filli  Ibe  ipaea  thai 
e6p»rat«d  tbem.  The  molociilefi  or  bodiei  shoold,  tliererar%  be  coQBidiined  u  in 
a  pcrpctiml  eta^to  «f  agitation.  There  then,  b«  co  o6«ci/«r«  OQtj  wb«t« 
Ibtirt  b  a  «tnt«  of  peTftet  repo»e. 

Th<B  only  difficulty  in  ivdmUlmj^  thfi  exiiiieDC«  of  avteh  »  9t»te,  ii  lbs  tmei  Ibftl 
ee1c«lial  spaco  in  ccrlaisly  BUcd  witU  agitation  by  Lbe  tFB}ismif«ioni  m  every 
pocRiblfi  dtrectioQj,  uf  the  iJiSbreat  radUliatia  which  eaanatQ  frotsi  ibu  ntillilitdt 
lof  tiwt  which  people  qjace. 

Change  of  atate  produced  bj  Ii«sat. — If  the  motion  of  the  mol&. 
t-'uka  is  sufficiently  energettc,  th^y  Ie«p  out,  m  H  were,  from  encb  oUier, 
and  become  independotit,  us  a  glass  rod  Tibraling  rapidly  iu  the  direc- 
tioti  of  its  length,  is  divided  into  many  pieces.  We  tkua  explain  Ut# 
plienomeria  of  fuf^ion. 

If  wo  revert  to  the  theory  oflhi^  mcchnaical  eriuirAknt  of  heat,  we  ciui  onder- 
Btaod  how  the  conTemitm  of  hent  miu  luuehautcAl  wwrH,  and  ttV*  rrrm. !«  a 
dirc'Ct  eonj«<|uoii«o  of  the  |»r&ccding ;  for,  according  t^  ttii»  thcnry,  hvnt  It  m 
species  of  motioQj  and  the  work  which  prodiicea  this  motion  of  thn  eiber,  treghl 
to  he  changed  isto  Tibrati»nt  of  thig  latter  Borl ;  that  i$,  it  should  be  iraD»fomwd 
Itiicv  beat. 

It !»  tbo  mr&a  witb  tb«  moebanical  work  deToloped  by  tk  vibrH^ttQ^  bt»dy.  Tbt 
work  repre^cDtod  ii  that  whi(?h  bai  been  CKpcndod  in  putting'  it  iota  TibrmliooL 
The  heat  developed  iti  tnoviog  bwliev,  by  eltfrutro-dynaitiia  induclion,  asd  tfa« 
work  which  it  Tcpremnis,  arc  all  ri^Iiited  to  the  same  theory. 

770,  Qaality  of  heat  changed  by  absorption  and  radiation. — 
Id  q}\  experimeDts  upon  radiant  heat,  it  has  been  obaervod,  timt  heat, 
once  absorbed,  retains  none  of  the  peculiarities  of  the  Bource  from 
wbicU  it  was  derived  ;  but  its  refraiigibility  and  other  properties,  wbea 
again  radiated,  depend  only  on  its  temperature,  and  tbe  nature  of  tho 
body  from  whiah  it  is  again  emitted. 

Heat,  traDBraitled  through  dUthermnnonK  bodies,  appears  to  ha  stfted,  or  to 
Imt«  behind  somn  of  thofre  raya  which  are  tranimitted  with  dlffic'uUjr  thnm^b 
that  subttanee;  «o  thtt  »  larger  per«ut)Ug0  of  tbo  retauuiug  bsatirUl  b«  tri&f' 
mi  tied  tbrongh  another  similar  screen  > 

Even  roek-sftit,  generally  coDflidered  cotorle»a  for  beat  (446),  hit  bMfl  fbiuid» 
by  the  later  reevarcbija  of  Prof.  Forhcj*,  to  traustuit  *  stttnewbat  jgreatw  prop^t^ 
tioD  of  heat  of  high  teujperalur*  than  of  bent  of  low  l«mpcr»turo. 

It  19  woll  known  that  heat  ofgr^ftl  rofrang'ibiljty^  or  tuiaii  wttrc-lMVj;tb»  pi4f«t 
tDoro  i-(?:Hrlily  through  gluajt  Aud  toica,  thfta  h^at  having  the  t.»ji;)iiaite  qualitiM. 
Th«4i(Bcn!ty  with  whiob  bejit  rtvdtatcJ  by  roi;k'!ij»ll  pi^tifMrtLt'ej  tbcH'  jub^taiiMi^ 
as  cotfipared  witli  ordinary  heat,  would  lead  ua  to  inf«r  that  beat  from  ro0||-«yt 
3iai  a  greater  vare-ieo^th  tbao  ordinary  beat  ra.dl«ikt«d  fntta  lampblaoltA* 

•  See  an  able  artick  oa  radiant  heal,  by  It.  8  be  wart,  Etq.,  in  the  Tr«ai>  of 
Hoyol  Soo.  of  Edinburgh,  Vol.  XXII ,  part  I. 


BEAT, 


505 


77 L  Hiffereuce  between  qm^otity  and  Intcaaity  of  lioat. — 
Aiioth«r  euHctua  in£t  cemnectod  viih  thh  eulijcct  that  bo  antuUDt  uf 
beftt  of  low  temperatare  Cftti  b«  bo  applied  to  an  object  &a  to  raUe  it  to 
a  higher  tetnperature  than  that  of  the  sourci?  (mm  which  the  beat  etna* 
pat*'].  Thus,  the  heat  of  the  ma^  when  absorbed  bj  a  hIackcD&d  wall, 
aJod  radiated,  catiDOt  be  again  rabed  to  the  Intensity  requiaito  to  ijgnito 
QirdlEiarjr  combustible  aubsCaiicet,  which  are  readily  ignited  by  the  direct 
fayt  of  the  euo  oonceotrated  by  a  burQiDg-glass. 

Th«  BUDfl  dfifffftdatioD  af  best,  or  iti$9  of  hatenaitjf  b  ^Iwcrrtd  in  eondcDsing 
tt*ftiB  in  disiillAtion,  Thp  wbok  beat  of  the  lieun,  both  latent  and  »cu»ihh,  it 
tr»«srerrHi  without  to  pHcrhapa  fifteen  limea  aj  mncb  oondenKitig  wAter ;  but 
th«  iatcn^itj  q(  tht  heat  u  reduced  from  212°  to  p«rb«pi  100^  F.  Th«  beat  ii 
not  loft :  for  tbe  dfWeit  pftrts  «f  vater  at  100^  are  cmpable  of  mellio|t  u  maebi 
im  90  tho  urigitial  atutn.  Bat  bj  no  qaaatitj  of  tbk  boat  at  100°  c*a  tent> 
]^raiar«  b»  raised  abara  thai  degree;  no  ni««o«  art  knoirn  of  gWibg  it  laten- 

If  heat  of  low.  Is  «Ter  ehaoged  into  heat  of  high  inteutitf,  it  ii  hj  mechanic 
taS  """"L  ■«  bj  the  compresj-ion  of  g««ci  or  rapiorf  to  a  ■muller  rulume,  ttb«n 
ib*  tm^erature  is  clerated;  but  this  la  rALh«r  the  ecmrcrtion  itf  meebiuiical 
Ibroa  into  he&t,  tbaA  thci  ekratigtt  of  the  intea*ily  of  heat  prerionft!;  existing 
M  tairh.    Oraham'i  C  hem  u  try,  VuL  t.,  100. 

It  if  ittted  thai  Dr,  Woltaaton  reeetred  the  bcua  of  the  fttU  moon, 
bated  by  a  |K»weTfiii  lent,  in  hii  eje^  withoat  feeling  th«  leatt  bcau  Jlellotti 
obtained  unlj  an  eitrem«1y  feeblo  radicatioD  of  heat^  bj  eonoentrating  the  raja 
of  the  ttttoa  by  a  kn*  over  threo  feet  in  diameter,  and  direteting  the  brilliiuit 
fiK:«f>  of  light  Upon  the  faco  of  a  vtrj  icaiUke  thermo-iiiaUtplier.  Thu  maj 
mcrelj  sbow  that  the  heat  refleettsd  or  radiated  hj  tb«  luooti,  baA  bceotne  heat  of 
too  low  iDtenaitj  to  pa«>r  lhr«ugb  a  glaai  leoi,  or  to  worm  bodiea  at  the  ^^rdiaarj 
temvirLnJ  tctnpcratarw. 

AU  tbeve  pbeDt^meDa  are  mon  readily  eaplaised  on  the  Dudulalory  thttofj^ 
than  by  the  theory  of  tmiuioii. 

772.  Conclosloa. — We  eoncttide,  from  what  has  beeo  stated,  that 
the  theory  uf  imdulatiotie,  which  so  completely  explains  the  pheticrnioua 
of  heat  and  lights  as  well  a«  the  different  seaAatiuna  produi;ed  upun  our 
orgaos  by  the  two  «ort«  of  radiations,  may  al?o  enable  us  U>  c**mpute, 
with  a  little  uncertainty  in  some  caae«^  the  diff^erent  effects  which  heat 
and  light  exercift©  upon  bodies.  We  see  that  heat  and  light  are  due  to 
Um  ttow  caote,  to  ^hirtai  vUntUion*  ;  and  Umt  the  same  ti brut ion9  al»o 
prciidiioe  the  two  sort!  of  effecta  when  their  amplituJe  ia  sufficient,  and 
their  rapidity  oomprlicd  between  certain  tinut?. 

St  rcinaina  only  la  ex|ilan],  hj  thv*e  murcQientj'  of  the  etbcr^  the  tmineroaa 
and  eomptex  frbciiomeaa  if bieb  arc  presented  to  lu  by  detrtrirltj. 

It  b  potrible  that  thete  effect*  «»  prodaeed  hj  eltlior  kimgi»mdiM«l  or  fvt^ry 
ftlfratltiDs,  wlijcb  accompany  the  traoiTerte  Tibratiuni  e^mi^eildistf  to  light 
and  b«»t* 

tlot,  while  It  ii  rery  eaty  to  nndefttand  the  facta  r«1atiT«  t«  the  propegatfoa 
«f  aleetrieityj  U  hi  Kunowhat  diJDenlt  to  eoaeelTe  haw  YibrwtQty  mvremtnttM 
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produce  attraction  and  repulsion.  We  ought  not  to  regard  this  diflenlty  u 
insurmountable,  especially  when  we  remember  that  polarisation  waS|  for  a  long 
time,  considered  inconsistent  with  ethereal  Tibrations,  until  the  idea  of  trans* 
Terse  vibrations  dissipated  the  objection,  and  gave  new  eleameti  to  the  whole 
series  of  phenomena. 

If  this  difficulty  were  once  conquered,  there  would  appear  a  possibility  of 
uniting  to  the  system  of  ethereal  ribrations,  the  grand  phenomena  of  universal 
gravitation,  which  has  been  attempted  hitherto  without  success. 

But,  when  all  the  phenomena  of  nature,  in  their  infinite  variety,  are  reduced 
to  one  and  the  same  cause,  wonderful  simplicity  will  be  joined  to  the  idea  which 
we  form  of  the  power  and  majesty  of  the  Orkat  Author  of  all  things. 

To  bring  the  detailed  study  and  interpretation  of  facts  to  prove  this  grand 
unity  of  cause,  is  the  mission  which  science  should  propose  to  herself  at  the 
present  day. 

This  close  correlation  of  physical  forces,  is  in  harmony  with  recent 
philosophical  views  entertained  by  many  of  the  first  Physicists  of  oar 
time,  but  by  no  one  more  felicitously  expounded  than  by  Prof.  Orore.* 

A  full  and  satisfactory  discussion  of  this  subject  will  bo  found  in  Uie 
excellent  Traitl:  de  Physique  of  Daguin  (Vol.  III.,  1859),  from  which 
the  foregoing  is  condensed. 


Problems  on  Heat. 
Thermometers. 

209.  What  number  of  Centigrade  and  Reaumur  degrees  correspond  to  the  fol- 


lowing temperatures  in  Fahrenheit's  degrees  ? 

Melting-point  of  mercury,     ......    —40°  F. 

"       "         bromine,     .       .       .       .       .       .   —  4 

"       "         white  wax,  -}-158 

"       "         sodium,  194 

tin,  442-4 

"        "         antimony    ......  771-8 

Incipient  red  heat,  977 

Clear  cherry-red  beat   .......  1,832 

Dazzling  white  heat,     .......  9,732 

210.  How  many  Fahrenheit  and  Reaumur  degrees  correspond  to  the  following 
temperatures  in  Centigrade  degrees  ? 

Temperature  of  maximum  density  of  water,        .       .    -f  3°'87  C. 
Boiling-point  of  liquid  ammonia,        ....  — 40 

"         "        sulphurous  acid,       ....  — 10 

•*        alcohol,   -f  75 

"  "  phosphorus,  .....  290 
"         "        mercury,  .....  3G0 


211.  Uovr  many  times  must  the  capacity  of  the  bulb  of  a  thermometer  exceed 
the  capacity  of  the  tube,  in  order  that  the  thermometer  may  measure  tempera- 
tures from  40°  below  zero  to  500°  F.  ? 


*  The  Correlation  of  Physical  Forces  :  pp.  229.    London,  1855. 
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Bxpanslon. 

It  rodit  of  tli«  foUowmg  rabfUJ3c«3>  instb,  brut,  e<fppcr,  glut,  plftiijistii« 
•ilrerj  iB««aari  «a«1t  .1  r««t  3  iDcbM  in  length  ml  the  Icmpcrmtare  or  wbftt 
nHI  ba  their  r?fp«ctiTC  lengtlii  *t  tempcrmtarei  of  10«,  ti",  75**,  And  100*^  f 

SIS.  If  »  gla^i  j^lobe  boldi  esELCily  oae  g^lloti  »t  60°  F.,  wh*t  will  W  iU  ea- 
pwrilj  if  ni&«nr«4  at  lb«  Ump«rmtare  of  b«itiDg  water? 

ail.  If  a  r«ilro»d  ii  conntraeted  in  winter,  wboi  th©  JiTcng*  t*tD|tcnilore  in 
F.,  liow  far  apart  Btojt  tbe  endj  of  tli«         imilfj      feet  long,  b«  laid  (a 
allow  mfficirat  toafa  fer  expunrion  at  tb«  lempcrmtiire  ot  1S0°  F.  F 

What  change  of  temperaUire  ii  reqni^  to  prodii««  an  eloogslion  of  S 
mchM  in  »  portioo  of  (he  BfltAnoia  tttbular  brid^  (1 173)»  917  feet  in  lengCli  ? 

2tS.  QuMftipw,  lud  3  feel  b«low  the  furface  of  the  earthy,  are  txpo^ed  to  * 
<haii|^e  of  temperatnr?  of  60^  P.^  from  ranLmer  to  winter  ;  wh^l  it  the  txtelil  l« 
which  iho  jmDt4  (10  re«t  apart)  wilj  he  opeocil  ia  winier,  iftbe  itrun  ii  «w|qti)t7 
dtTid«d  ^on^  the  tererml  jomt*  F 

217.  C&TcalaL«  the  Icngthi  of  th€  f^tcel  and  hrsai  rodf  reqaired  to  BdaptHani- 
9i)ti'»  ^dimn  |i«iidQliun  tf>  <ribfat«  aM-Dtidt  at  the  following  i  Xrf>n<ioD* 

Pari*,  New  Yfrk^  and  SL  Petersburgb. 

313.  KHHCfi  tho  f<^tlowing  beighta  of  iho  bAroin«l«r«  obterred  at  tbe  ftnti«x«d 
twfMriraturcfl,  ^  *-b«  equivaleiit  beighti  at  the  frecting-polnt^— 


L  30  I  to.  I  ^  40*"  F, 

I,  2T9 

4,         2a  a  "  t  »  TS** 


«.  21-7  "  80^ 

7.  17'4  "  1—19* 

«.         lis  •*  I  — 10* 


319.  Bo4ii««  Ibo  following  h*romelri«  ohacrralidni  mAd«  ftl  8*  C.^  lo  tb*  t«Bi> 
pcavlorei  iDdie&tcd.  bjr  the  Tslite*  of  t,  gvnn  b«!ow 

L   24    in,    rvdnve  to  r  =       C.     |     3.    2S-5  io.    redaro  to  t  mm 

220.  A  tfibere  of  hnm,  3  tn«het  m  diaselAr,  ijniiterved  «^«r,  U  •]j«p«nd«d 
frt>i&  tho  pan  of  a  bjdroiiatic  b&laa<«,  and  e«unt«Tpoi4«4  *t  ibc  ieiBpcraiwre  of 
Al)°  F,  Wbal  weight  will  b«  rt^aired  to  ntUnr*  Ihe  eqnilibriam  when  ibe  tctn- 
pefntart  of  tho  water  and  glah*  ia  raj«ed  to  206^  P.  t 

221,  To  what  tempcratarcd  niBat  M  op«ii  reiael  b«  b^^lted,  ibt  pf9«nri  r*' 
tuJAing  ««ulaBt,  tbat  1^  and  |  of  the  sir  it  originAllj  009t«iii«d(  m*j  b« 
IBtCtlivtly  driirea  out  of  it  ? 

SSI,  A  b^loos  coDtAiQlog  1000  «tibie  fc^t  of  g%9  m%  SO*  W,*  ud  39  loebw 
birometHe  pretiiire,  riici  to  m  pof  itlbn  where  tho  thermoniieter  ttandi  *i  40^^ 
•adl  the  barometer  at  22  mebet.  Calmlite  the  vciIubo  of  tb«  gB*j  poppocleg 
the  eapaciij  of  U»  ballotin  to  allaw  ii  to  expwad  freely. 

fipeoific  Heat, 
333.  Bow  tnucb  heat  li  required  to  raise  the  1«»pcr«tnr«  of 
&0  lb*,  of  vabtr     frooi  40^  Y,  to  l^"*  t 
U  "    "  «lph«T,    **     «S*     "  212»? 
45  "    "  eb«rrfi4il,  "     45*  " 
25  «    «  alcohol,     "     34*      "  Oi^F 
11"    "  ethcr»        •*       &•*      "  133*"? 
244,'  The  f«ll<iwmg  c|tta»titi«i  t»f  waier  were  mix^  lflg?lb«r,— I  lb<u  of  v«t«r 
40°  F. ;  5  lb..     65* ;  7  lb*,  at  70* ;  and  3  Ihi.  at  IMT,  What  waa  tb«  t«i»p*rft. 
tire  of  ih«  mlitiiro? 

I2i,  Ilnw  intieli  ttal«r  at  200°  F.,  and  bow  raurh  wa|«r  kl  5Q*|  tbuat  ha  mtftv' 
togethar.  in  order  io  obtain  30  Ibi.  of  «ateT  at  F 
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226.  Equal  volames  of  meroury  at  212^  F.,  -and  water  at  32°,  are  mixed  toge- 
ther.  What  is  the  temperature  of  the  mixture  ? 

227.  What  temperature  will  be  produced  by  mixing  equal  volnmea  of  merouy 
at  32°  P.,  and  water  at  212°  ? 

228.  Five  pounds  of  ice  at  32°,  are  mixed  with  7  lbs.  of  water  at  200°  F. 
What  will  be  the  temperature  of  the  mixture  after  the  ioe  is  melted  ? 

220.  How  much  ice  at  32°,  must  be  mixed  with  100  lbs.  of  water  at  50°  F.,  in 
order  to  reduce  the  temperature  of  the  mixture  to  35°  F.  ? 

230.  How  much  ice  at  32°,  is  required  to  cool  10  lbs.  of  mercury  at  300°,  to 
the  freesing-point  of  water  ? 

231.  In  order  to  determine  the  heat  of  iVision  of  lead,  200  ounces  of  melted 
lead  at  the  melting-point  were  poured  into  1850  ounces  of  water  at  50°  F.  After 
the  lead  had  cooled,  the  water  was  found  at  20°*70  Centigrade.  Required  the 
heat  of  fusion  of  lead  in  degrees  Fahrenheit. 

232.  How  much  heat  is  required  to  raise  the  temperature  of  a  cubic  foot  each 
of  air,  oxygen,  carbonic  acid,  and  hydrogen  from  32°  F.  to  75°,  if  the  gai  is 
allowed  to  expand  freely,  and  the  barometer  remains  stationary  at  30  inches  ? 

233.  In  a  room  20  by  30  feet,  and  10  feet  high,  the  barometer  standing  at  30 
inches,  how  many  units  of  heat  are  required  to  raise  the  temperature  of  the  air 
from  40°  F.  to  75°  ? 

234.  In  the  last  example,  how  many  units  of  heat  are  expended  in  expanding 
the  air  of  the  room  ? 

Tension  of  VapoxB. 

235.  Before  filling  a  barometer  with  mercury,  a  small  quantity  of  water  was 
poured  into  the  tube.  How  high  will  the  mercury  stand  in  the  barometer  when 
the  temperature  is  75°  F.,  and  the  pressure  of  the  air  is  29  inches  in  an  accu- 
rate barometer  ? 

236.  Solve  the  last  problem,  assuming,  first,  that  alcohol,  secondly,  that  sul- 
phuric acid,  and  thirdly,  that  oil  of  turpentine  wore  used  instead  of  water. 

237.  Calculate  the  tension  of  the  vapor  of  water  at  the  following  temperatures : 
50°  75°,  110°,  175°,  220°,  265°,  and  300°  F. 

238.  Determine  the  boiling-point  of  water,  ether,  and  alcohol  at  the  following 
pressures :  31  in.,  29*75  in.,  29-21  in.,  28  in.,  27  4  in.,  23-7  in. 

239.  A  cylinder  is  filled  with  steam  at  a  temperature  of  250°  F.,  and  a  pres- 
sure of  two  atmospheres.  What  will  be  the  tension  of  the  vapor  if  its  volume 
is  diminished  one-half  by  pushing  down  the  piston  ?  What  will  be  the  tension 
of  the  vapor  if  it  is  allowed  to  expand  to  twice  its  former  volume  ? 

240.  If  a  cubic  inch  of  water  is  hermetically  sealed  in  a  bomb-shell,  capable 
of  holding  200  cubic  inc^ies,  and  strong  enough  to  sustain  a  pressure  of  450  lbs. 
to  the  square  inch;  what  temperature  is  required  to  burst  the  bomb-shell? 

Ventilation  and  Warming. 

241.  How  many  flues,  each  six  by  twelve  inches,  and  fifty  feet  high,  are  re- 
quired to  ventilate  a  lecture-room  seating  1200  persons,  when  the  temperature 
of  the  room  is  70°  F.,  and  the  external  air  at  30°,  allowing  each  person  three 
and  a  half  cubic  feet  of  fresh  air  per  minute  ? 

242.  Repeat  the  calculations  of  the  last  problem,  on  the  supposition  that  1500 
persons  are  in  the  room,  and  make  additional  allowance  for  illumination  by  50 
gas  burners,  consuming  each  3|  cubic  feet  of  gas  per  hour,  at  an  expenditure 
of  20  feet  of  air  for  every  cubic  foot  of  gas  consumed. 
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CHAPTER  IIL 


ELECTRrCITY, 

773..  0«Eieral  Atatement. — Electricitj  if  eomrenkntljf  subdivided 
1.  AlAgaetlc  electricitj  or  magnotism  ;  2,  Statical  or  fricttunol 
'dty ;  mtd,  3.  Djnamlcol  or  Voltaic  elcatiicit j.  We  wUl  coD&ider 
tbe  eabject  in  thia  order. 

{  1.  Magnetic  ISlectricity. 

L  rnoPERTiES  of  hagxets, 
774,  IfOdeatone — natural  magnets. — ^Th^re  is  found  in  uatnre  an 
or^  of  iruD,  called  bj  nilneraloglsts  magnetUe^  or  magnetic  iron,  some 
■peciBi^a  of  which  pi>ssGa3  the  power  of  attracting  to  themselves  small 
fragments  of  a  like  kind«  or  of  metallic  iron,  Tliia  power  baa  been 
caDod  magndttm^  from  the  nfimc  of  tbe  ancient  city  of  Magnesia,  in 
Ljfdia  (Asia  Minor),  near  wbiab  the  ore  spoken  of  waa  first  found.  It 
crjetalUxcs  in  forma  of  the  monotnetTic  ejatem,  oflen  modified  oct&- 
hedra,  like  fig,  520,  and  Is  a  ooropotind  of  one  equivalent  520 
of  peroxyd  of  iron  with  one  of  protoxyd.  (FeO  -f  Fe^Ot 
^  F<^,.)  h  is  one  of  the  best  ores  of  this  valuabU 
metal. 

FormeHy  all  magnets  were  lodestonea,  or  natnral  mng- 
n«ta.   A  fragment  of  this  ore  rolled  in  iron  fiimgs  or  mag;- 
netic  sand,  becomes  tufted,  as  in  fi^,  5*21,  not  alike  in  all  parta,  but 
chiefiy  at  the  ends.    Fig.  522  shows  a  simitar  mass  mounted  in  a 
frmme,  U,  with  polea,  p//,  of  soft  iron,  &2I  b22 

Thus  mouuted,  the  lodestone  gain*  ia  q 
■trength,  by  sustain  iog  a  weight  from 
the  hook  below,  on  a  soft  iron  crosa-bar. 

7T5.  Artificial  magnets  are  made 
by  tOQch  or  influence  from  a  lodestone, 
or  from  another  magnet,  or  by  an  elco- 
trical  curreDt.  Hardened  ateel  is  found  to  retain  this  ioftuenee  perma- 
nently, while  masses  of  soft  iron  become  magnets  only  when  in  contact 
with^  or  within  a  certain  distance  of  a  permanent  magnet.  Artificial 
magnets  ar«  more  powerful  than  the  lodestone,  and  possess  properties 
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entirely  identical  with  it.  Magneta  flttmct  at  all  diatoncos,  tat  their 
power  iniircases,  like  t%\\  forqca  acting  from  &  centre,  inveracljr  as  the 
square  of  the  distance,  Iteat  ditniniahes  the  power  of  magneto,  but  if 
not  heated  b«jond  a  certain  dogreo  (full  rednoss),  ihh  power  relnms 
on  cooling,  and  is  increajsed  at  lower  temjieratures.  Abore  that  point, 
the  coercitive  force  ia  destroyed,  and  thej  Icwe  all  magnetic  power. 

Vftrioti^  forms  Pn  ^ven  to  magnoti-  Tb©  6«r  m^futt  U  »  ilmple  itr»igbt  h%r 
of  burduaed  itocl.  It  eurred  io  Uk  bring  the  BmU  D«ar  t<&getber,  it  k  e«.I1«d 
m  hune  »ha*  magntitr  Had  if  A^^'crnl  bars,  atratgbt  or  cnrred,  nne  bootid  lo^thtr 
Into  oiiG>  fi^.  &23,  tt  is  called  a,  comp^oiind  mug^nct,  or  mngscUQ  battery^  Tb'^ 
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n«Bt  powcrfnl  artiHcial  m»^«t«  OBa  ia«tain  only  tboal  Iwr^nty-oigbt  or  tliirty 
times  their  wwo  truiKht.    Ujually  tlioj  ftuaLain  very  muob  let*  tbjm  UiU. 

Magnetic  need  Lea  are  liglit  bars,  flg.  52*,  auHiwsDdcd  oa  «  contral  poiBt 
HO  »9  to  mere  in  obodieoce  to  t*rr«stTial  or  artiSctnl  *t-  524 
tractions.    The  modo  of  mitkliiig  mn^nctE,  Atid  Xha  cirflUtu* 
Bt&Dcofl  mflu«D(]iujf  their  power,  are  noiicod  bcruafter.  ^" 

77G.  DlBtributioQ  of  tlie  maguetio  foroe— 
polarity.— The  magnetic  force  is  not  equally  dis- 
trlbuted  in  all  parts  of  a  magnet,  but  ia  found  con- 
ceatrated  chiefly  about  the  ends,  and  dirn'mbhitig 
toward  the  centre,  which  is  neutral.  The  points  of  greatest  altraetion 
are  called  pt^lc^.  When  a  magnet  is  rolled  ia  iron  filings  or  magnetiu 
sandf  the  fK>sition  of  tho  poles  u  seen  as  in  the  bar  raagtiet,  fig.  525, 

&25 


'whose  centre  is  found  to  bo  quite  deToidof  the  attracted  particles  W 
cluster  about  the  ends.  The  point  of  no  attractioo  ia  called  the  ueti* 
piiint — line  of  majf^netic  indifference,  or  equatt>r  of  mftgnetiBiiu  Every 
magnet  has  at  least  two  pules,  and  one  neutral  poitit.  The  mngnetus 
poles  are  diatioguiahed  as  N  or  S,  Austral  or  Boreal  (A  and  B),  or  hj 
the  signs,  plus  (4-)  and  minus  ( — ),  all  tlieae  signs  having  reference!  to 
the  earth'e  attractton^  and  to  the  antagoniflia  between  the  poles  of  unlike 
dame.  The  law  regulating  the  distribution  of  magnetic  force  in  &  bar^ 


ELECTRICITY. 


611 


wma  determined  by  Couloint,  bj  means  of  the  torsion  balance,  (  820, 

I to  be  verj  nenrlj  the  squiirea  of  the  distance  of  any  giren  jKjiot, 
from  tbe  magnetic  equator  or  neutriil  point, 
f  777.  Magnetic  phantoin— -magnetic  cimrea, — The  distributioii 
tiiQ  magnetic  force  al>out  the  potea  of  a  mngnot  is  beautifully  ahoiTQ 
by  placSnj;  a  sbeet  of  stiff  paper  over  the  poles  of  a  hor»e-«boe  nmgoefc, 
and  Dcattering  fine  iron  filing's  or  magnetic  sand  from  a  aiere  or  gadse 
bAg  oTer  Ibe  paper.  As  they  towch  the  surfiice  of  the  poper^  each 
filiog  aa«iuQe4  a  certain  posiliont  marking  the  exact  place  of  the  mag* 
netie  poles  and  of  the  neutral  line,  as  seen  in  Gg.  526.  The  ma^p^et 
may  bo  laid  horiiontally.  or  a  series  of  magnetic  bars  may  be  placed 
^  M  in  fig.  532,  pradQCJng  ?ery  pleasing  and  imtractive  results.  Tapping 

the  edge  of  the  paper  gently  with  the  nail,  or  a  pcn^tick,  faciHtatea 
the  adjusttnent  of  the  fillogd.  The  currea  eJthihited  by  the  inagnetio 
phantom  have  been  matbematically  investigated  by  De  Uuldat,  who  for 
that  purpose  transferred  them  to  a  glued  papef. 

To  fix  thd  ettrvc«,  Nickl^i  uiea  ik  wuird  p»prr,  u>d  wbem  th«  flgurefl  &r»  pm- 
daeed,  tfaicj  mij  be  £xcd  in  [maition  bj  holdiog;  a  heated  plaie  trt>D  ai>»r  Lbe 
PvrfpjK  of  the  papcr^  A*  rood  ma  the  i*  ftiMd^  itkkh  is  cuilj  perceived  hj 
lt»  «bioiiif  appMTkoee,  th«  »oun»e  of  be*t  i«  viibdnwti,  «tid  mi  the  wu  cool« 
lite  itinga  beoanse  tx«d  in  |>oritioa  ud  in  full  r«ltet  (  Am.  Jgur.  Sci.  [2]  XXX« 
02.)    The  onrvcts  mAj  then  b«  more  coDronleDllj  fUidied. 

T78.  Magoetic  Sgturea  may  be  produced  on  the  surface  of  a  thin 
«teoI  plate,  by  marking  on  it  with  one  pole  of  a  bar  magnet.  Magtj^tbmi 
is  thus  produced  In  the  steel  along  the  line  of  contact,  which  is  after* 
wuds  tnode  evident  by  oiagnette  aand,  or  iron  iliog?  sprinkled  on  the 
plate.  These  lioea  may  be  varied  or  multiplied  at  pleasure,  with 
pleairing  effects ;  tlieir  polarity  ia  always  the  retersie  of  that  carried  by 
tbe  bar.  They  may  be  made  even  throngh  paper  or  card- board,  and 
will  remain  for  a  long  time.    Blows,  or  heat,  will  remore  then.  Hard 
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pliito  steel  is  best  for  this  purpose,  about  one-twentieth  to  one-eighth  of 
an  inch  thieic,  and  six  inehea  to  tvTelve  inches  square. 

779,  Anomaloujs  magnets  are  mch  as  have  more  than  fwo  polen. 
Thus  the  bar  seen  in  fig,  527  has  a  pair  of  uiniilar  pfjlea  ( — ),  at  UiO 
centre,  and  its  ends  are  con- 
seqtteatly  Bimilar  (  f),  "while  it 
hua  two  neutral  puints  at  a  and 
c.  Fig,  528  shows  a  bar  with 
three  setn  of  poles^  arranged 
alternately  —  and  -f .  with  three  neutral  points  at  m,  <J,  and  n.  Broken 
at  these  aeutral  pointa,  every  magnet  hecomea  two  or  more  separate 
magnet4,  with  corpesponding  pokrity. 

780.  Attraction  and  repulaioa,— The  law  of  magnetic  Attraction 
and  repulsion  is,  I  hat  like  poles  repel  ^  and  umUhe  poles  attract  aack,  other. 

It  ft  picFD  of  soft  iron  is  prcscobed  to  either  pole  of  a  roAg^Hiit  notxlle,  fi^. 
534,  there  is  atLrimLttin,  urbicb  is  reciproenl  betweflo  the  ii«ed1o  axul  llie  irtm for 
if  ihcf  if&n  ii  aiufiupdcJ,  attd  th^  eicetlle  Apitroached  to  it,  the  iniiu  b  Atirmciod 
by  oitboi'  ead  pf  tbo  needle.  If,  however,  a  m^gtict  is  iippfODtiibL-d  tn  iho  iiocd)«» 
^  to  — p  Ihere  in  n-ttriiiertiitn  j  if  —  lo  —  or  +  to  4  »  ihvn  U  rvimhum^ 

If  tbo  ualiko  poloa  of  two  ckjuaI  mAfj^etie  hara,  liif^od  with  iruQ  filingt,  urt 
approniebe'd,  the  iafu  juiii  in  a  Cvsi^Qb  ;  but  i(  (be  poltui  are  of  tli«  imno  hmxio, 
of  the  liUngfl  fait.    Fgr  tbd         rcEtsvUp  if  b  ma^etio  bar,  B,       529^  u 
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■lid  upcm  snolhorbAr,  A,  of  equal  power  tu     as  the  two  nppofiibo  eodi  appro 
ea^b  other,  tiie  kej,  previoualj  tqepcnded,  fulla,  bneauiMs  iliu  two  han  tDotiiAllf 
DeutraliKC  each  othat  bj  the  fii^ptieiag  autinu  of  tlie  austral  and  boreal  magDetiauL 

781.  Magnetum  by  contact.— When  a  mass  of  iron,  or  of  my 
nianjnetizable  body,  is  placed  in  contact  with  a  magoett  it  receives  mag* 
tietism  throughout  its  mass,  and  of  the  same  name  as  the  pole  with 
which  it  ts  in  cc^ntact.  Thu!^  in  fig.  530,  the  soft  irtm  key  it  fuetained 
by  the  north  pole  of  a  magnetic  bar;  a  second  key,  a  dbII,  a  tack,  and 
Bome  iron  filings,  are,  in  auocesston,  alio  sustained  by  the  magnetism 
imparted  by  contact  from  the  bar  magnet  through  the  soft  iron*  Th« 
aerief  of  soft  iron  ringfiT  ia  fig.  531,  sustained  from  the  bar  magnet 
under  the  same  conditions  of  polarity.    Te^ited  by  a  delicate  aeettle^ 
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©very  part  of  the  auatained  utoeeed  will  Jtiaoifest  only  nortH  polarity,  and 
we  tuny  regard  them  as  only  proloGgatiuns  of  the  origmoJ  pole.  This  is 
aualogoiaa  to  electrical  oonduotion. 

Pure  «oft  itxm  receiver  inagnctiBm  sooner  and  more  powci^ 
fiilJy  tSiaii  steel  or  etuit  iron,  and  aUo  parts  with  it  siwner. 
Hardened  steel  and  hard  cast  iron  retain  more  or  leas  of  tha 
magnetic  f»>rce  permaocatly*  No  other  loetals  beside  iron, 
nickel,  cobalt;,  and  poasibly  maDgane^e,  caa  receive  and  rctnio 
nagnetbia  by  coutncL  SSI  t\\\ 

Tbeae  are,  tiierefor*, 
called  the  magnetic 
metals. 

7^2.  Maeaetlamia 
bodies  not  fernisiP' 
oum, — Be>3)de  the  mag- 
netic metals,  eo  called, 
CavalUi  baa  ahown  that 
the  alloy,  br&fe,  becom  es 
magnetic  (slightly)  by 
hammering,  but  Io«ea 
that  property  agaia  by  heat.  Some  mioerala  are  magnetic,  particu- 
larly wbea  they  have  been  heated.  Tlie  pure  earths,  and  even  silica, 
are  found  to  have  the  same  property.  In  the  cofMs  of  ullm,  and  some 
other  utDerals  eontniniag  osyd  uF  iron  in  cotnbiDation,  this  u  not  so 
vurprisiDg,  M.  Blot  determined  in  the  cose  of  two  spedmens  of  aateA« 
one  from  Siberia  (muscoTit«),  and  the  other  from  Zinnwald  (lithia  mica), 
ttmt  their  magnetic  powers  were  ^by  the  method  of  OAcitlaLions}  as  6'8 
to  20j  and  he  remarked,  if  the  oiyd  of  iron  be  the  cause  of  thfir  magnetio 
rirtue,  it  should  exist  in  the  minerals  In  the  above  proportion ;  and  curi- 
tmsly  enough,  the  result  of  Vanqoelin'a  aoaiysei  (tben  unknown  to  M- 
Biot)  corresponded,  almost  esactly,  to  these  nil oabora. 

Soni«  fUt««  of  cbemlcHl  combm&tian,  howcrer,  Appo&r  to  deitroj,  or  cloaki 
tlw  saguetie  virtues  of  iron  ;  lui  mlloy  ot  irna,  oti«  pM't,  ttiib  ftnlLmunjf 
foar  pMittt  WSJ  foand  hy  Seelxeck  to  b«  uttvrlj  doToiil  uaigQfrtk  utioa  i  «ad  tfaa 
UffiMtJe  power  of  aicket  ii  cniirelj  concealed  in  ihv  mUfif  cjlIIchI  Oensmn  illvar. 

Tb«  reivsrebaf  of  fv*dMj  ttara  ihoira  mmtlxt  at  aU  kitidi  to  bo  tubject  to  % 
eertaia  iiiodifi»4  degT««  of  lntn«n(!«  by  magnoltioi  <|  TSil.  DinmagmttiMm), 

IL   lUOSmC  DfOITCTION  01  JyFLUtXOa, 

7S^.  I»dttctioa.^Evory  magnet  is  aurrouadod  by  a  sphere  of  mag- 
netic influence,  which  boa  been  called  ila  magnetio  atmjOfphere.  Erory 
magiietttable  snbatanee  within  tliis  influeDOA  iMOomes  magneti<o  a! 
(without  <Nnitaot).  Ibe  parts  oontisuous  to  tbo  iiiafBet  pole,  harlsg 
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opposite,  and  those  remote  frtfm  it,  a  similar  name.  This  influence  is 
called  induction. 

Thus,  in  fig.  532,  the  north  end  of  a  bar  magnet  indnces  soath  polarity  in  the 
contiguous  ends  of  the  fire  bars  surrounding  it,  and  north  polarity  in  their 
remote  ends.    If  these  bars  are  of  hardened  steel,  they  532 
will  retain  a  small  portion  of  the  magnetic  force  induced 
from  a  powerful  bar,  but  if  they  are  of  soft  iron,  they 
will  part  with  their  magnetism  as  soon  as  the  source 
of  excitation  is  withdrawn.  In  this  case,  the  magnetised 
bars  have  a  tendency  to  move  up  to  the  magnet,  and  are  > 
prevented  from  doing  so  only  by  friction  and  gravity.  » 
The  attraction  is  reciprocal,  and  we  hence  infer  that 
there  is  induction  in  every  case  of  magnetic  attraction. 

In  the  iron  filings,  arranged  in  magnetic  curves,  fig. 
526,  on  a  glass  plate,  or  card-board,  the  same  tendency 
is  observed. 

Small  pieces  of  soft  iron  wire  suspended  from  the  ends  of  a  thread  near,  and 
parallel  to  each  other,  when  approached  by  a  bar  magnet,  receive  induoed  mag- 
netism, the  farther  ends  diverging  by  mutual  repulsion.  Two  sewing-needles 
thus  suspended  and  influenced,  become  permanent  magnets. 

The  ingenuity  of  the  teacher  will  furnish  many  pleasing  and  instmciive  illu- 
trations  of  magnetic  induction. 

784.  Theoretical  considerations. — The  real  nature  of  the  magnetic 
force  is  unknown  to  us ;  but  the  analogies  offered  by  electro-magnetism 
and  magneto-electricity,  lead  to  the  conviction  that  it  is  one  mode 
of  electrical  excitement.  Unlike  light,  heat,  and  statical  electricity, 
magnetism  affords  no  phenomena  immediately  addressed  to  the  senses. 
It  is  distinguished  from  statical  electricity  chiefly  by  its  permanent 
character  when  once  excited,  and  by  the  very  limited  number  of  sub- 
stances capable  of  receiving  and  manifesting  it. 

785.  Theory  of  two  fluids. — It  may  be  assumed  that  there  are  two 
magnetic  or  electrical  fluids  (the  Boreal  or  positive,  and  the  Austral  or 
negative),  which  are  in  a  state  of  equilibrium  or  combination  in  all 
bodies  ;  that  in  iron,  nickel,  &c.,  these  two  forces  are  capable  of  sepa- 
ration, by  virtue  of  the  inductive  influence  of  the  earth,  or  of  another 
magnet,  while,  in  other  bodies,  this  permanent  separation  cannot  be 
effected.  The  two  magnetic  forces  are  never  seen  isolated  from  each 
other,  but  are  always  united  in  one  bar.  Ilence,  we  cannot  have  a 
boreal  magnet,  or  an  austral  magnet,  as  we  may  in  statical  electricity 
produce,  at  pleasure,  vitreous  or  resinous  excitement  over  the  whole 
surface  of  a  body.  Both  poles  must  coexist  in  every  magnet.  If  we 
break  a  magnetic  bar  at  its  neutral  point,  we  have  two  magnets  of 
diminished  force,  but  each  half  has  its  two  poles  like  the  original  bar, 
and  its  neutral  point  also.  The  anomalous  magnets,  figs.  527,  528,  will 
render  this  statement  intelligible.    Every  magnet  must,  in  this  view, 


KLEOTRICITY. 


515 


be  r§^nled  as  an  oaseinblagc  of  numberless  email  rangnelB,  erery 
molecule  of  steel  harmg  ita  own  poles  anta^inistic  to  tliosc  at  thts  next 
tioiitigumis  pnritcle.  This  cotiception  is  rondured  cbiirer  to  the  £ebs«a 
hf  fi;*.  533,  Here  the  N  and  S  poles 

of  the  scvcrjil  partielea  are  each  re-  ^^gog^^^r-^^^g^g 
presented  a«  poiatlng  one  waj  re-  c=Si^BFS!r^^^=S^^^=S^^ 
ipeolively,  and  towards  the  N  and  S 

eedt  of  the  bar.  These  oppoeing  forcu,  therefore,  constantly  inereaeo 
from  the  centre  or  neutral  point,  where  they  aro  iu  equilibrium,  to  the 
cnd»,  Khere  they  find  their  m&Kimum.  This  arbitrary  lilustratioa 
enables  ui  to  conceive  bow  £uch  a  body  may  excite  itimilar  manife^ta.- 
tiODS  of  power  in  aoother,  without  iteelf  being  weakeocd«  and  how 
each  part  become*  a  perfect  magnet,  if  the  bar  is  broken .  The  eiperi- 
tncnt  shown  in  fig.  £^29,  iKustrates  well  the  reunion  uf  the  two  fluids,, 
la  form  the  neutral  state  of  tbo  uodeeoui posed  inHuence, 

De  Ualilal  hma  Bfaown  that  a  bruf  tubSf  filled  with  iron  BHngf^  conilnrJ  by 
Mntwcd  caps  of  htun,  cua  he  magDcttBed  bj  vaj  of  tbo  in(Hi«8  uied  for  barf, 
aod  b«Tft  iti  palei  AnA  ticiilrnl  poitit  like  a  bar  ti3ingi)«t;  but  if,  by  eotiiiii»ir}on, 
th«  particlc«  of  iron  are  dlsMiv)s«dj  tbo  magnetic  forco  diimiaiab«4j.  aoJ  (iDdily 
titsap  pears. 

Tbe  ma^elie  pai !«•  of  Dr,  Evi^bt  and  lDg«Db4tif»,  al^o  UlDftrat^  tb«  fa«t| 
Ibat  littlo  {Nurtielea  ot  magnetie  iron,  or  or  paWeriEcd  lodeatouo,  maj  dctormine 
ihe  exutenn  of  tin  nag^netic  pol«i,  and  a  tieuliml  line,,  when  tbej  are  eumpactod 
into  a  iiul««,  by  drying  oils,  or  hj  the  mo  of  lomo  gummy  aubitaocc. 

EvQtk  so  em»U  a  i^qftjatUy  an  OBo-elxCli  of  Ferraginouf  ptLfdcIee,  in  Ave-Atstba 
of  sand  nr  eartby  matter^  can  be  ma^i^liE^cl  at  a  hoJt,  «bciiriDg  clearly  Lbo  de- 
««llipo«ition  of  tbo  seatral  fluid  in  each  particle 

786.  Ooercttive  force. — The  registance  which  most  substances  show 
to  the  iodoetioii  of  magnetism,  has  Lcco  distio^uisbcd  by  llie  term  co- 
ereUioe  force.  In  soft  iron,  thit  force  may  be  regarded  S3  at  a  minimum, 
tioce  this  8ub«taQce  will  receive  magnetic  influence  even  from  being 

In  tbe  tine  of  magnetic  dip,  while  in  steel  which  has  been  bard- 
,  a  pe<7uliar  manipulatian  'm  required  to  induce  any  permanent 
magnetism.    Soft  iron  parts  with  it«  indiiced  magnetism  as  readily  as 
it  roceivea  it;  but,  if  it  is  hardened  by  blows,  or  violent  twisting,  or  by 
porUoDs  of  phosphorus,  arsenic,  or  carbon  combined  with  it,  a 
poriioii  of  magoetifim  is  permanently  retained  by  it  from  induction. 

A»  blowi.  bj  hftrdeuing,  taaj  itjdno*  pcnnaisent  roagticliiin  Ib  lofk  into,  *o,  |q 
pt«l,  lb«  rofrcitivo  force  may,  by  limple  ribraiioo,  m*  by  btowi  oa  a  inagnetie 
bar,  fir  by  an  aeci  Jcoiftl  CalU  destroy  a  l»fg«  part  of  tbo  fp«o  d«vv1op«d,  bj 
Ifiviag  «[i|iort*inlty  Uhs  ttwpritiro  force  to  retOttv  it*  iupretnacy.  In  ^neral, 
wbaterer  cMiiv  iadom*  liar^loeii^  inereaiM  tie  eoerciUfe  fo»r<* ;  ami,  «un*i»r#«)yf 
U  ii  dimiDLtbad  by  anufaliog,  or  any  cauie  whieh  re»ulu  in  mtlvahag  tbe  ntaM* 

HI-    TtltaESTRlAL  MAC3X»T(1JI* 

787.  MftE^^^lc  oeedle.— DiiecUre  tendency.— A  majs«<^**« 
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dle^  suspended  over  lli©  polea  of  a  borBe-alioe  magnet,  comes  lu  resi 
the  piano  of  the  poles ;  and,  in  oTjedieoce  to  the  fund  amen  tal  law  of 
magnetic  ottractionB,  its  A  sod  B  poles 

will  be  opposite  to  the  B  aud  A  polos  jf 
uf  the  attraating  magnet  The  gul- 
pcnded  Beedle,  m  fig.  534,  anstimes  its 
puBitiou  bj  reason  of  the  saiitc  lnw,  and 
eomes  to  rest  with  its  A  pnlo  toward  th© 
N  pole  of  the  earth,  and  ita  B  pole  to- 
wards  the  south*  AH  bat  magnets, 
hiring  a  free  motion  in  a  horicotital 
[itaae,  arrange  themaelves  in  this  man- 
tier  in  everj  part  of  the  earth, 

Thii  direcUFD  ten  dene  j  @f  the  tDrngoei  haA 
been  known  to  Eurtjp&i^ti  DtLLions  siatra  lliei 
twefftli  Gcntarj;  hut  wai  keoirn,  it  ia  Jtsid,  te  tbe  Cbume,  2000  0.  Tlit 
onrlkit  mufieer'a  compuas*  used  by  SjritiD  aarigAtor^  in  1342,  WM  ti  enmnnn 
Aewing-Qccdle,  rcodered  magneiks  tbruat  tbrougb  a  U'ed  or  cork,  lUid  itUowed 
pa  doAt  Ob  watvr.  (KUprutb.)  TEiia  dircotive  pgiror  rcndert  th«  compui  in- 
TAtaablc  to  tbo  Qiplorcr  of  n  pttbleci  wUderaesfl,  to  tba  tumjot  «tid  ibe  mUior; 
(be  tnmflrologlst  and  the  physilciat  aliO  Hod  it  indLipentable  In  maDj  f«!«carcb«f. 

The  torms  Amtml  and  Barenl  barns  bctiu  applied  to  the  potaritj  of  ibe  mag^ 
notie  needle,  in  alloiioQ  to  the  free  Atintra)  and  Boreal  magaetlna  aayuoied  to 
exist  roBpoctWelf  ia  tfae  saatberti  s&d  iiDrtb<?'rn  rc^iccif  oftbe  earths  In  accord* 
AQce  with  raagaetic  lav,  thci  end  of  the  B<sedli»  pointrng  nortb  if  catltd  Antimt, 
and  tbat  poiDting  aoutb,  liurr-aL  For  |[roater  aiiupHcitj,  the  tDariaer'i  eDmpki* 
h.  marked  oo  that,  point  w bk'b  turns  to  tbe  north,  and  conversoly ;  bat  lb* 
terms  austral  and  bori-'al  tnivy  bo  it^ed  iiit«rubaagoalily  witb  potitire  and  nc^^ 
ttvSf  or  nortb  and  Boulb  polarity. 

The  mariuei'js  compaas  is  arranged  in  &  bQi[  (K,  Gg,  535)  called  % 
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hinnaele,  illnminaled  at  tiight  through  the  glatw,  M.    The  magnetio 
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,  a  6,  fl^r.  delicately  poised  on  a  pocket  of  ngate,  is  attaclied 
lower  ai'Je  of  a  cartl  or  |flate  of  mica,  an  which  ia  priuteU  Uia 
et*r  of  thirtj-Hvo  pointsi, — BeTen  between  cayh  two  of  the  cardinal 
pdint^t  E.,  S,,  and  W.  The  compa€8*bux,  oo^  IB  liung  ou  poiuta 
called  gimbab,  e  of  c  z  (pronouaced  ffimitU^]^  which  allow  it  ba  remain 
alwuys  hurifioiitiil^  however  the  ship  may  rulU  Tb©  Iraneom  or  oross^ 
■ighi4.  A,  may  be  placed  at  pleiisure  on  the  face,  m,  of  the  eomptiBa, 
wheii  ihe  object  h  ta  mesisure  |xiititfi  on  the  coast.  Batb  part*  of  the 
BgUTv  are  similarly  lettered. 

Tlie  aatatic  nee'Ste  is  »n  inslrumeot  in  wiiLch  the  direclLrQ  tendcnej  of 
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|>ftr«l]el,  one  ahovc  tho  olbcr,  wi  th  tbcir  u til  ike  pi.»1c4 
poj«d  lo  «M*b  other.  Ttij«  sjatem  ia  Bu«|i«ii{liMl  bjf*  a  fibre 
r>v  silk,  uid  ui  a  most  ^cnsiUve  test  fur  fceblo  tuftgnctk 
rrWtUk.  iBacb  U  the  com  true  tion  iulopE«d  bi  tbe  gulnuii^ 
|»«^,  to  b#  1iiBr«iUter  d^erttMd.  The  Iwo  n«edl«H  matt  b4i 
f  cx^Uj  rt|ual  fyreCf  or  a  i  juid  a*  b'  will  not  ocutraliio 
h  olbcr.  and  ttii«  •jstcm  nill  karo  n.  directive  tctiJoatrj, 
ud  to  fttij  diffbrtMicti  nt  t^ree  in  the  twn  fiocdlcs. 
Thtt  mtti't  oimpb  aet*lle  oe^dlo  it  made  tonrbing  a  steel 
iring-tievdle.  ml  in  eeatre  of  woigbt,  hy  tho  N.  polo  of  a 
wrrful  magbet ;  tbc  point  toucbvd  dcvifilu])s  two  pu1l^t^ 
the  ttru  «DiU  are  N.   Such  a  nccdk  ti  v«rj  neiirtf  aalAlic. 

i88.  MagDetio  meridiaa — declination  or  Tariation, — -There  Dm 
lit  few  places  in  the  world  where  tlie  tniignetiie  needle  points  to  the 
e,  ur  tistrunoniicjil  North ;  and  in  alt  other  places,  a  plane  poBsing 
gh  the  mis  of  the  magnetie  needle  (the  mngncttc  meridian),  ftitia 
'ncide  with  tho  geographical  meridian,  Aloreover,  the  magnetic 
meridian  in  anj  giveo  place  i«  not  constant,  but  changes  alowly  from 
yea?  to  jfear  (called  secular  cariathn),  being  DOW  on  the  and  again 
on  the  W,  aide  of  tli©  true  North.  This  is  called  the  dedination  or 
wvrkUion  of  the  magnetic  needle.  The  declination  ta  called  Eastenif 
or  Western,  according  as  it  may  bo  to  the  East  or  to  the  West  of  the 
•alf«noniica1  meridian.  The  angle  formed  by  the  meeting  of  the  tmo 
id  the  magnetic  meridians  called  the  angh  of  dceHnttttftn.  Thns, 
t  Wanhin^ton  Ctty,*  the  angle  of  declination  in  1855-C,  was  2°  30'  W., 
d  at  New  Haven  it  was  6^*  37'  0  VV.,  August  12,  Js,  Ruth, 

^bs^rrer. 

CoUabitfl,  in  bii  firil  Tttjage  to  Auitric a,  foand  Uie  ticedle  to  b«vp,  »i  b« 
M>1«d  w«tlw&rda,  an  tner«a!img  vaj-ittiuon  ttttm  the  true  N'urtb^  »  (rircumttane* 
pt*t  btfore  ob*ervc«l,  ftiid  wlucb  ciiQic<d  tb«  grcatcft  co»»t«mnlioii  iu  big  attpttr- 
iLious  crcp.  "  who  thi>ufiJit  tbo  lawf  of  aatore  wone  fb»tigin^.  nnd  that  tlio 
'•vrtti|ta«»  m*»  nh«ui  U>  loiie  ita  ra^et^rioqa  puwcr/*    (Irving**  C'oltiiiihiiii.ji  iHti%- 


•  S.  C!ottJt  Sorvey  Itepi>rl,  1859,  IBB.  C.  A.  Sraorr,  Obsertref. 
40* 
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witlistanding  thcad  Aod  otb«r  ciiotlar  DbjcmiLioDs,  it  wu  not  until  the  mjildlft 
of  thfl  f«vt3UUeiilh  coiiiurj,  thnt  the  vnriatloti  of  the  eompiua  wu  a.a  eittUiiiiitl 
fivdi  in  niagnotiu  gcionecH,  The  observations  on  tho  dccIiimticjB  of  the  e«tnpr4Ai 
Id  Engl  ail  dr  duto  fruni  Tbo  fuilowing  table,  frnm  Iturnit,  coutnioi  the 

d&cllnaLiQn  with  the  mem  rate  of  (notioQ,  u  refeirod  to  cert&io  periodf  of  obter- 
VftUon  in  Loudon,  between  15^0  and  1950,  or  itboat  ttro  hundred  and  iDrenti' 
yi^MV.  BMtern  duclination  being  diitinguiihcd  hj  tha  ncgmtite  aign^  wad  weiU 
LTB  by  the  poaitivo  iign. 

EamUfm  DvdiuaXifta.      Zfro.  Wmters  Dt^iltuUofi. 

Y««rt,  1632.   1660,    im%  1^0.      1765        IE  18  IMI^ 

Uudmfclion,  — ll°iy    —6°     0  +1S"    +20''  -f-£4*  41'  +Si*  30' 

lute  per  year,       7'         8'    W        XV     ll'*5       9'  0'  4' 

Tbus,  in  »  period  of  eighty  yeftft  from  the  first  nbservrttion,  tbe  ncciln  gwln- 
aliy  reached  the  true  meridian,  and  then,  for  a  period  of  una  htiiidn;d  (Uid  llAjf- 
ei;^ht  joarSi  it  nioTe^l  Woatwdrd,  reaching  its  maximum  Westc-rly  dc<<1iuiition  in 
miBf  utd  it  is  now  agaiQ  slowly  maviag  Euatw&rds.  The  rate  of  |hi«  more- 
iDont  it  not  uniform,  bet  i»  greater  DeAr  the  tnij^imnm,  and  leut  n«ar  th«  auuiU 
jnmn,  point  of  declination^ 

ObtDrvatLDns  aijQca  1T0(}  osUbllth  tho  eame  facts  ia  th«  Uaited  BlftC«t,  al  a 
great  n amber  of  pl^ceiT  Thui,  at  Bnrtingtonj.  Vt,*  in  1790^  tbd  deetinatton  wa« 
-|-7*''a;  in  1S30,  -|-8°-30;  ia  1S40,  +0^  07;  and,  in  ISm,  410*\10.  In  Cim- 
bridge,  Mms.,  io  1700,  it  <nas  P,  and  «t*adiljr  dimioiibid  to  1700,  when  it 
was  and  ho?  jiocu  T(?g«larly  i^croaflcd  to  the  present  time,  boin^t  in 

I8A5,  At  IlatboTOBgh,  Pa.,  in  a.      IflSO,  the  docUnariop  was  -^^^  i  ; 

iu  ISOQ  it  badi,  hy  a  reg^tilar  ratCj  dccreasad  to  ^l°*S,  and,  in  I  BOD,  wa«  4^  £^  33. 
At  WMbiftgtoa,  D.      it  woa  ^O'S  in  a.  d.  1300,  *fid  ia  ISfift  b*d  ioertiiiod  to 

South  of  Wasbingtoa,  the  deelinatioti  in  qnifonnly  Eait«r!y,  rAnging,  at 
CharSeaton,  S  from  — 3®-7  its  A,  D.  1770,  tn  —  l**-?  in  196t».  Ob  the  Westom 
Cuoflt  of  Kortb  AmerioOt  it  b  also  Eauterlj  ;  Imu^,  for  example,  at  San  Praa- 
cinco,  in  1790,  -^13*^-0^  and  in  ISCO,  — IS-'^S,  Tbo  annual  ebanfce  (ioercMiiig  JL 
docltnaiion)  being,  la  1810,  —I'  fi  j  ifi  1850,  — 1'  2  ;  and  in  iSftO,  — 0'-8. 

For  A  full  didi?Di!»ion  tif  Magnetic  Declination  ia  the  Uoiied  Slater,  tbe  iIb- 
dijot  will  refor  to  the  Ri3{>orta  of  the  Indited  Statet  CoaH  Survey  j  and  for  an 
able  oxtraet  of  aU  the  results  of  aecular  chonf  e  on  the  AUantir,  Quiff  and  Pa- 
cific GooflU  of  the  United  Statca,  refer  lo  a  Report  by  AssiitAat  Cluurlef  A, 
istfhott,"  in  Am.  Jo«r.  ScL  [2]  XX 1 3^.,  p,  333- 

The  first  attempt  to  sjsteroatize  the  variations  of  the  magnelio  needle^ 
n nil  to  connect  by  llDes,  called  uot/fmh  liii^a,  all  those  places  on  ihi 
v^Tth  wbere  the  declinBtioa  was  stuiilur,  waa  made  hf  Ilallcj,  about 
iTOO*  He  thus  dtscovored  two  distinct  lines  of  no  inclination,  calkd 
ugonk  linea,  one  of  whieh  ran  ohliquelj  over  North  America  and  ocrosa 
l!te  Atlantic  Ocean,  and  another  descended  thirouj^h  the  middle  of  Chtutv 
aud  across  New  IloUand ;  and  he  inferred  that  theae  Unca  eommuni> 
ctiied  near  both  poles  of  the  eutth. 

780.  TaiiatloB  chart.— lAOgonal  Unea^^Iu  538,  I8  »oeu  % 
projectum  of  the  line*  of  efjual  atid  do  declination,  on  a  Morcator'i 
chart  of  the  earih^  embracing  obaervatiowa  down  ta  1835.    The  Ameri* 
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am  line  of  no  mriatioo,  or  cffone^  crosses  the  ^oBlQm  poii^t  of  South 
Ameticn,  in  latitude  20"  8.,  skirts  the  Windward  Antilles,  eDt«ni  Norib 

m 
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CftToliuft  near  Cap«  Lookout,  and  passing  through  Slaonton,  in  Vir^ 
giuia,  cfossefl  Lake  Erie  midway  on  ita  course  to  Hudson's  Bay.  The 
chief  Asiatic  agone  (for,  in  fact^  there  are  two  lines  of  no  variotlon), 
after  traversing  the  ladian  Ocean  in  a  Boutherlj  direction,  crosses  the 
western  part  of  New  Holland  near  120^  E.  All  the  entire  lines  on  this 
chart  indicate  western  decHnatioo*  while  the  dotted  lines  tnnrk  eastern 
devflination.  According  to  the  theory  of  GaUBs,  the  eminent  Gertnan 
astronomer^  no  lines  of  equal  variation  can  form  diverg^ing  branchcsi  or 
he  tangeots  t«  each  other;  but  when  tlicre  ii  a  tpace  within  which 
the  declination  is  less  than  outside  any  portion  of  its  limiting  line, 
that  line  must  fom  a  loop,  the  two 
branches  intersecting  at  right  anglea. 
The  obterved  line  of  8**  40'  in  the 
Pacific,  beautifully  illustratea  and 
confirtut  this  theoretical  position,  as 
vhnwn  on  the  chart,  fig.  538. 

Figxire  539  iiluBtrates  the  cirouna- 
pidor  relatjons  of  the  corresponding 
Itncfl  of  e<|ual  Tariation  In  the  nur th- 
em hemisphere.  It  will  be  fieen 
that  much  the  larger  number  of  the 
ijHigoual  Vmm,  converge  oq  the  Mer- 
|>rt>jeetion  at  a  {mi tit  near 

Bay.  in  kt.  73^**0  N.,  long.  TtT-O  W.,  lU  opposite  pole  is  to  the 
toiithward  uf  New  ItullAnd. 
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HaUeT*!  original  ehmri  mswbm  cxiflnot  of  two  magmtio  pdM  ia  «bk 
honlaphen,  one  flzod,  nad  the  otlior  nrolriag  about  li  in  »  eorUin  poiod. 
Haniteen,  in  1828,  in  hit  well-known  tikni,  Moepti  tiio  Mino  riew.  By  Omm's 
theoiy  of  terrestrial  magnetiam,  only  one  nagnetio  pole  In  eaeh  iMBlaphen  If 
required,  and  thni  far  obeerration  haa  shown  »  wmdarM  eonfonalty  between 
the  theory  of  Gaosa  and  the  ftota. 

790.  Dally  TariAtloiis  of  the  magnetlo  needle.>-B«udeB  the 

great  secalar  moTements  of  the  magnetic  needle  already  noticed  (788), 
it  is  found  to  yary  sensibly  from  day  to  day,  and  even  with  the  different 
periods  of  the  same  day.  The  most  refined  means  have  been  in  oar 
time  applied  to  the  exact  inyestigation  of  this  phenomenon,  first  noticed 
by  Graham,  a  London  optician,  in  1722.  It  has  been  shown  tiiat  the 
north  pole  of  the  needle  begins  between  seren  and  eight  m.  to  more 
westward,  and  this  movement  continues  until  one  p.  v.,  when  it  becomes 
stationary.  Soon  after  one  o'clock  it  slowly  retoms  eastward,  and  at 
about  ten  p.  m.,  the  needle  again  becomes  stationaiy  at  the  point  from 
which  it  started.  During  the  night,  a  small  oscillation  occurs,  the  north 
pole  moving  west  until  three  a.  m.,  and  returning  again  as  before.  The 
moan  daily  change,  as  observed  by  Capt.  Boaufoy,  is  not  quite  one 
degree.  This  daily  disturbance  of  the  magnetic  needle  is  undoubtedly 
due  to  the  action  of  the  sun,  and  it  will  therefore  vary  in  different  lati- 
tudes. In  the  Southern  hemisphere,  the  daily  oscillations  are  of  course 
reversed  in  direction  to  those  of  the  Northern  heniisphero. 

The  annual  variation  of  the  needle  was  dlscoverod  by  Cassini,  in  1786. 
We  hare,  therefore,  Ist,  the  great  tecular  tariationtf  contiDued  through  long 
periods  of  lime ;  2d,  annual  variationt,  conforming  to  the  movement  of  the  son 
in  the  solstices ;  3d,  daity  variationtf  conforming  nearly  to  the  periods  of  maxi- 
mam  and  minimam  temperature  in  each  day,  and  lastly,  irregular  rariaftoN*, 
oonnected  with  the  aurora  borealis,  or  other  cosmical  phenomena,  which  Ilum- 
boldt  has  called  magnttie  ttormt, 

791.  Dip  or  inclination.— A  needle,  hung  as  in  fig.  540,  within  a 
stirrup  upon  the  points  a  b,  the  whole  system  being  suspended  by  a 
thread,  will,  before  magnetising,  if  carefully  adjusted,  stand  in  any 
position  in  which  it  may  be  placed.  If  now  the  needle  be  magnetised, 
it  forthwith  assumes  the  position  seen  in  the  figure,  its  pole  dipping 
toward  the  North  pole  of  the  earth.  In  this  latitude  (4V  IS'),  the  dip 
was,  in  1848,  73°  ZV'd,  Such  a  needle  is  called  a  dipping  needle,  and 
if  constructed  as  in  the  figure,  it  shows  both  the  declination  and  dip,  or 
inclination,  of  terrestrial  magnetism  for  any  given  locality.  As  the 
whole  system  is  free  to  move,  it  will  obviously  arrange  itself  in  the 
magnetic  meridian,  and  its  position  of  equilibrium  will  be  the  resultant 
of  the  two  forces  of  declination  and  dip.  Approaching  the  equator, 
the  dipping  needle  becomes  constantly  less  and  less  inclined,  until  at 
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t  a  point  it  found  wbcre  it  b  quite  horizontal,  and  ibie  piimt  will  be 
iti  the  magnetic  equator ;  &q  imnginarj  |>latie  near,  but  not  coiDaidotit 
with,  llie  equator  of  tbe  eartK. 

Tine  dlstmrety  of  iho  ma^Hie  dip  or  iDdm»tioTi, 
WW  inide  Id  I5r6»  bj  Eot>crt  Nonnao,  a  practical 
«ptieinBi  nf  Lnniloat  who  cuustruclci]  thu  fim  dipping 
KMdle.  by  wUicU  be  d^Wrmiatd  the  dip  fiC  London  nt 
that  (ime  to  be  nearly  72''.  The  mngoetio  dip,  like 
the  declinaliQCi  If  Rubjoot  to  crtDiisual  and  progres- 
cb&ngv«,  bc^ib  evcuUr  iiitid  f  eriodical,  &iad  it  U 
A.t  thia  mom  eat  rapidly  decri^ajiin;^.  Tbua  At  LDndott 
in  1576  it  was  Tl^  50%  in  16?fl  it  l:ad  become  13°  3»', 
•nd  id  1723  U  74°  42',  hftsiog  then  rejwhsd  Iti 
maximam.  In  1700  it  bad  decreased  to  71°  Z%  and 
in  t  SOD  to  70*^  35'.  Sabine,  in  1S2I,  flied  it  B.t  70^  3', 
and  Kater.  in  at  8S',  tt  It  now,  in  England, 
iboat  30',  baring  deeriMLFcd  in  128  ytmn  abont 
0^  12'',  or  at  tbe  ratA  of  nearly  Z'  yearly^  the  mtiui 
uaiuU  moT«taent  from  ISM  ISbQ  being  at  tbc 
nte  of  moft  Uiaq  4'  yearly,  wliile  betircen  L72:i  and 
ITM  U  wai  abont  £  yearly,  fbowlnj;  an  acceleralis'd 
and  retarded  aorenieot  in  lb«  i«ular  c bangle  of  tb« 
dipping  needle^  or  magnetic  inclination, 

7^2.  The  action  of  the  eartli^B  magnet- 
lam  on  tbe  dippiEg  u&edle  is  neatly  iltuatrnted 
hj  the  simple  arrangement  icen  in  £g.  5-11,  wliere  the  inagnetle  bar  ^n, 
u  placed  horitontally  on  tbe  diameter  of  a  eetnioircle,  represenling  ati 
arc  of  the  meridian,  on  which  a  small  dipping  needle  ia  made  to 
occiipj  BuccetslTclj  the  pcwitioQ  SI! 
Hen  at  a,  a',  a'". 

At  tbe  D«ed1e  it  horiiotit*], 
being  at  the  ma^ede  equator,  and 

equaHy  at'tcd  on  by  botb  polei.  In 
ercry  otber  position,  tbe  inflaeiiee 
of  one  |H>]e  mnflt  predemioata,  to  a 
greaifr  or  le^i  txtent*  «Ter  tbe  otb«r. 
BvwmA  ceiriti]^-D«edtef,  tnqieiidod 
orer  a  magnet  io  bar  at  e(|aat  dis- 
tanecs,  one  over  eacb  end,  one  orer 
th«  rctitre,  and  one  ia(eniiedii(e,  vill 
Illustrate  tiio  lAiae  point  Mtitfuc. 
lorily, 

793,  Bipping  needle, — The  dipping  needle  of  Biot,  ebowii  in  fij;» 
542,  h  wholly  of  braAS,  and  embraces  two  graduated  cirelea,  ta  aud  >!, 
on^  horkantal  and  one  TertlcaL  The  circle,  M,  with  ita  supporting 
fnunet  A,  moree  lo  iwimuth  orer  m,  by  which  it  b  placed  in  the 
ma^iieUe  meridtap.   It  is  leveled  by  the  lefel,  fi,  adjtiated  hy  three 
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mined  heads  in  the  feet.  The  ceedlet  a  6,  is  euspeudcd  on  the  btn^ 
r.    To  fii  the  magnetic  meridian  by  thU  instrument,  the  circle,  is 


pOQiion,  And  tliiit  therefore  tho  bdsIc,  ffes,  U  gmUa  or  Im  ibuL  {h«  tru 
angle  of  iudinaUoQ,  by  a  vory  fmal^  qubntitj^    Tbe  first  U  oorracted 
rQvcraiug  the  platio  of  the  ioftruinotit,  by  a.  revulutiou  of  180^,  anil  tAkin^  Ibe 
uoiLb  cif  the  two  readings;  the  Becont],  by  rcrcrsiitg  tb«  polmnlj  of  lb«  ii««dJ« 
hj  toncb.  OD  the  oppD«Lto  poles  of  two  bar  magD«U,  proridtd  for  the  putiiafft. 

this  msani,  tbe  e«ntre  of  grD.THjr  is  brougbt,  first  kbora^  md  tben  balow 
tbd  poiDt  of  (Qipetiaioo,  »nd  tbe  me»p  of  the  ttfo  rtadipgs  ii  the  Ime  »ogl« 

794.  Inclination  map^  or  tsocllnal  Itues.— la  fig.  543,  U  pre- 
Benled  a  Slercator'*  projection  of  the  Jine  of  no  dip*  ot  mngnetie 
einjator^  and  the  poBitbn  of  the  isoclinal  lines  of  30^  50*,  70°,  8(r,  and 
85**  north,  and  30^  SO",  and  70''  south.  It  will  be  nr^ticod  that  tb© 
mugnetic  it  below  tbe  terrestrial  equiit^r,  In  utl  the  western  bemis- 
phore,  and  is  abovQ  it  in  th^  eaatem,  crossing  it  nenr  the  island  of  BU 
Thonifti^,  in  luogitude  3°  E.,  and  again  in  tito  PaifiQc  (K:ean>  Th^o 
poiot^  of  iotcraection  of  course  varj  with  tho  progrcsaire  changes  of 
the  magnetic  dip.  Tho  greatest  declination  of  the  magnetic  equator 
from  the  equinoctial  ttne,  amounta  to  aliout  20°  N.»  near  53°  K.  hinffi' 
tudc,  and  it«  greatest  southern  d<,*dination  is  13%  in  about  40°  W- 
tongitude,  near  the  bay  of  Baliin,  on  the  Eaat  coast  of  South  America^ 


revolved  until  the  needle, 
ttb,  stands  vertical  and 
points  to  00°t  it  ta  then 
in  the  magnetic  equator^ 
a  position  of  course  ex- 
actly 00°  from  the  mag- 
netic meridian,  which  is 
tlien  obtained  by  reralv- 
ing  the  frame,  A,  90° 
backwards.  The  angle, 
aed,  h  the  angle  of  in- 
clination (or  dip),  and  is 
read  on  tbe  arc  M. 


Two  Sffibil  errors  of  ob- 
s^rTBtton  eiiBt  id  this  ia- 
atrumont;  lat,  from  the  fact 
that  ibo  tnugUL'tic  ajtie  of 
the  needle  dues  nut  trrjiacide 
vhh  t-Lo  AXIS  of  iU  form, 
and  2d,  frum  the  eircutn- 


itaoi^tr  tbftl  tbo  centre  uf  ~/ 


gmvity  of  the  necdlo  does 
not  lilt  iti  the  points  of  Jut- 


zuLcrmciir. 


§23 


Tbe  iooliimlkni  of  t]t«  i>e«d1«  st  an  j  is,  spproxlmfttely,  tince 
itt  iMcn«lA«  iKlitade.  (Kraft.) 


iM  i«)  131  »  «»  M  90  itt  m  m  loa  no  im  tm 
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Hon! tern  hemisphere,  to  the  Imes  of  latitude,  and  to  ihe  N*  magui^lio 
^^Hj^  near  Baffin's  Baj,    Sir  James 
jfKtft  m  1832,  found  tbo  needle  ta 
dip  near  Prince  Kogent*ii  Inlet,  lat. 
TOP  N.,  loDgitdde  90°  N,,  witbtn  oae 
mi  note  of  90**, 

It  ifl  to  be  observed,  that  the  lines 
of  e^oft]  magtietic  iDcltnattoD  (isocli- 
bftl  liDe«),  &re  fouod  to  appruach  in 
poaiticm,  with  rerj  considerable  con- 
forn»(tv,  to  the  isothermal  Htics,  or 
lines  of  eqotd  iempemture:,  thua  mdi- 
g  ft  cloee  rel&iioD  between  the 
•  mAgnetisin  and  tho  diAtribu- 
flOQ  of  th«  terresb-ial  heat. 

705.  Magnetic  intetisity.^'rt  it  plain,  from  the  phononicna  of  the 
niagnetic*  declination  and  dip  already  eonsiJercd,  that  the  diatritiulion 
of  Bia^etlc  force  over  the  earth  U  unequal,  althouj^li  in  general  it  ia 
most  BCttTc  about  the  fMjles,  and  least  so  about  the  wiiiator,  Tho  que** 
n  ari»es,  how  tany  the  magnet ic  intensitj  at  an^  given  point  of  the 
h  be  determmed  T    This  question  is  answered  bj  the  use  of  the 
le  of  oitciUiitkm.    A  large  number  of  facts  «etre  lo  ahow,  that  « 
Ij  BOtpetided  needle  in  a  state  of  oscillatioti^  ia  Uiflucnoed 


M^lines 

■Mb 
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magnetic  force  of  the  earth,  in  a  way  analogous  to  that  of  a  common 
pendulum,  oscillating  by  the  influence  of  gravity ;  and  that  hence  by 
means  of  such  a  needle,  we  may  determine  the  ratio  of  the  intensity 
of  terrestrial  magnetic  force  throughout  the  whole  extent  of  the  earth's 
surface. 

This  mode  of  dotermining  the  magnetio  intensity  in  different  regions  of  tbe 
earth,  was  first  suggested  by  Qraham,  in  1775,  and  was  afterwards  more  fully 
perfected  and  employed  by  Coulomb,  Hnmboldt»  Hansteen,  and  Gauss.  Hum- 
boldt carefully  determined  the  time  of  a  giyen  number  of  oscillations  of  a  small 
magnetio  needle,  first  at  Paris,  and  afterward  in  Peru.  At  Paris,  the  needle 
made  two  hundred  and  forty -five  oscillations  in  ten  minutes :  in  Pern,  it  made 
only  two  hundred  and  eleven  in  the  same  time.  The  relative  intensities  were 
therefore  as  the  square  of  these  two  numbers,  or  as  1  :  1-3482,  which,  assuming 
the  point  on  the  magnetic  equator  in  Peru  as  unity,  will  give  tbe  magnetio 
intensity  at  Paris  as  1-3482.  This  kind  of  observation  has  since  been  extended 
to  nearly  every  known  part  of  the  globe,  and  full  tables  have  been  published, 
giving  the  results.  Thus  the  intensity  at  Rio  de  Janeiro  is  0'887 ;  Cape  of  Good 
Hope,  0-945;  Peru,  1-;  Naples,  1-274;  Paeis,  1*348;  Berlin,  1-304;  London, 
1-369;  8t.  Petersburg,  1-403;  Baffin's  Bay,  1*707. 

The  most  complete  statement  of  the  results  of  American  observations  on  the 
magnetic  elements  has  lately  been  published  by  Dr.  A.  D.  Bache,  in  Am.  Jour. 
Sci.  [2]  XXIV.,  p.  1,  where  all  the  earlier  observations  are  collated,  with  the 
more  extended  results  of  the  Coast  Survey,  with  maps. 

79G.  Isodynamic  lines,  or  lines  of  equal  power,  are  such  as  con- 
nect places  in  which  observations  show  the  magnetic  intensity  to  be 
equal.  These  lines  are  not  always  parallel  to  the  isoclinal  linesi 
although  nearly  so,  and  the  points  of  greatest  and  least  intensity  are 
not  exactly  identical  with  the  points  of  greatest  and  least  inclination. 
Hence  the  intensity  of  the  magnetic  equator  may  not  be  everywhere  the 
same.  These  lines  are  probably  curves  of  double  curvature  returning 
into  themselves,  implying  the  existence  of  two  intensity  poles,  the 
western,  near  Hudson's  Bay,  in  lat.  50°  N.,  Ion.  90°  W ;  and  the  eastern 
or  Siberian  pole,  about  70°  N.,  and  Ion.  120°  E.  The  two  southern 
poles  have  been  placed,  one  to  the  south  of  New  Holland,  in  lat.  60° 
S.,  Ion.  140°  E. ;  the  other,  in  the  South  Pacific,  also  in  lat.  60°  S.,  but 
Ion.  120°  W.  These  four  poles  are  not  therefore  diametrically  opposite 
to  each  other. 

The  terrestrial  magnetic  force  increases  toward  the  south  pole,  nearly  in  the 
ratio  of  1  :  3,  and  as  both  tbe  maximum  and  minimum  magnetio  intensity  on 
the  globe  are  found  in  the  southern  hemisphere,  it  would  appear  that  the  ratio 
of  1  :  3  expresses  very  nearly  the  maximum  and  minimum  magnetic  force  of  the 
whole  earth.  From  the  profound  inquiries  of  Gauss,  it  appears  that  the  absolute 
terrestrial  magnetic  force,  considering  the  earth  as  a  magnet,  is  equal  to  six 
magnetic  steel  bars  of  a  pound  weight  each,  magnetized  to  saturation,  for  every 
cubic  yard  of  surface.  Compared  with  one  such  bar,  the  total  magnetism  of  the 
earth  is  as  8,864,000,000,000,000,000,000 :  1,  a  most  inconceivable  proportion. 
(Harris.) 
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.  The  tndactiTe  power  of  the  earth's  magnetlam  la  mani- 
meu  \ij  tho  polarity  doTelopcd  in  any  bar  of  soft  iron*  or  of  steel, 
Iftccii  in  an  creel  position,  a»  in  fig.  545,  or  better,  iti  the  angle  of  the 
ip  of  tJi©  plate*    Tbe  end  of  the  bar  toward  the  eartli  is  alwayg 
A«8tnil,  Boreal  tnnf^etism  esistiog  at  the  upper  end,  B^and  a  neutral 
fKiiut  at  tl^c  oeiitre,  AL    These  facta  are  demonstrated  by  the  aetion  of 
kmali  tioodh,  held  in  the  hand  at  the  three 
itions,  shown  in  the  figure.    If  the  esperi* 
BDt  were  niaile  m  the  southern  hemiBpheret 
the  polarity  would  b«j  reTorsed* 

For  thii  TCM<in,  all  mm  sea  of  iron  » ton  ding  In  a 
Tertical  poiitioa  bocomc  inagnc'tie.  In  loft  Iron  tbia 
mA^Dctixta  ia  tranfiicnl,  hut.  in  elecl  toolt,  efpeoially 
«acb  a*  ftre  iiqbjicf^t  to  vtUra-tiuil,  u  drilli|  the  lkiAg> 
■ivtlsm  developed  u  fiormiLnciot,, 
'  B^rl'OW  foum}  ihxt  f^loboit  nf  hon,  tike  iMimb  shellir, 
%  (i^tyl  ur  inure  in  di^meter^  been  mi;  mtniaturo  (.'Oplen 
bf  the  eajrlli  bjr  rirtu^  of  tlio  induolivfi  force  exerted 
^  pQU  lii-cta  b/  tbe  carlb's  tditj^ctidtu  ;  ti»?iug  «  utag- 
etip  aaii  in  tlie  nDDitfiJiip  at  the  plAce  ofeziicriiaBiit, 
-4  HQ  «qu4luF  At  rijj^ht  *ngl««  to  Uielr  ucia.  DeJitriilo 
Mdt«s^  poised  on  tbe  equatorial  lino  of  aacfa  globes, 
fier»d  nn  distiirbance^  while  id  auy  otlier  poffitinu 
the  fpb^ro,  bctb  dc«iij!iAtioii  aud  dip  wv^e  ma-m- 

Barlow  fiiriber  discoTered,  ih&t  eucb  »  vphi-re 
of  irun^  plo^di  Id  a,  cerUi.ia  rcUiirm  to  a  compn^Ji 
ecdle  f>n  boftrd  a  ibip,  utiitod,  «b(t  barmonizcd  ibe  lc»eal  Aitra«ibnfi  of  tbo 
b1p*«  iroDp  >u      to  free  the  ci>iitpiL9A  fruDi  Lbe  cfTectn  of  auch  dUturt^ing  eaojisH, 

Tt>8,  Syatem  of  simultaneoua  magaetic  obseiTatioiis. — The 
guibhcd  Prussian  philosopher,  Ales.  v.  Humboldt,  in  1S36,  pro- 
Uj  the  Hcieatifiii  world  to  set  on  foot  a  series  of  connected  and 
iinutiaiieous  observations,  to  W  made  over  as  large  a  portion  of  the 
arth'^i  iurrace  oa  possible,  for  the  purpose  of  establisbiug  the  laws 
lating  to  the  iDagDeiic  forces. 

In  AMcrdanee  with  thia  ■ugf««tion,  tbe  kadini^  |r«rernmenta  of  Europe 
(ymiee  «xee|>tcd),  And  miknf  of  (he  ictentiSa  todetiea  bath  in  the  old  and  new 
~orld,  eommeDced  aucb  fdnserretitins,  with  iitrtrum^'uti  jipeeixiJly  eontrired  for 
parpuae,  tmil  in  buildiagj  made  without  ir^n,  botli  no,  and  beneath  tbceaftb*^ 
arUco.  Ej(pe'liUun«  were  «<!tit  to  tbe  Arctic  wnl  AnlarLtk  drcli'o,  tu  Africa,  to 
Boatb  &Dd  North  A■u€^rlc■il1  i^i^d  in  lUa  Pu.i'\(\c  iit^tan.  wbHe  at  nuiiicFt:itii«  iiAttMBi 
U  ladiA.  Runiiiti,  Europe,  and  North  aed  8onth  Anieriea^  bom]f  mad  timaka' 
(Hiui  obi^erratinnK  hntu  itvea  rAfried  tm  for  a  )on^  period,  and  la  mu.ay  pUcea 
«tiil  cuiiUnovit.  In  ihi»  way  a  gtvui  aia»t  of  fujcta  haa  bocQ  a<!«uinalAt0d, 
uia  a  car«rul  e Minj^iiiijoD  which  ibo  Uwj  of  tcrreatrial  BiagtietiaA  alrsadj 
aounccd  bare  been  educed  ar  eonflmieil. 

PerUapA  tlm  ui^iit  renuirkabie  rc«HtL  of  4b»e  obfermtioot  ia  the  fact,  flrat 
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established  by  them,  that  not  only  the  greater  variations  in  the  earth's  ma^et- 
ism,  but  the  most  minuto  and  irregular  disturbances  occur  at  the  same  instant 
in  places  the  most  distant  from  each  other,  showing  a  wonderful  connection  and 
coincidence  in  the  causes  of  these  phenomena  throughout  the  world. 

799.  Lines  of  magnetic  force. — The  illustrious  English  philoso- 
lihcr,  Fnraday,  has  demonstrated  that  all  matter  is  subject  to  magnetio 
influence. 

As  tho  evidence  on  which  this  important  induction  rests  is  chiefly  derived 
from  the  use  of  electro-magnetism,  its  particular  consideration  is  more  conve- 
niently referred  to  that  subject.  Ilis  general  views,  connected  with  terrestrial 
magnetism,  may  bo  thus  stated.  All  space  both  above  and  within  the  limits  of 
our  atmosphere  may  be  regarded  as  traversed  by  line*  of  furct,  among  which 
are  the  lines  of  magnetic  force.  The  condition  of  the  space  surronnding  a 
magnet,  or  between  its  poles  (777),  may  be  taken  as  an  illustration  of  this 
assumption.  It  is  not  more  difficult  to  conceive  of  force  existing  without 
matter,  than  the  converse,  and  it  is  certain  that  we  know  matter  chiefly  by  the 
ofiects  it  produces  on  certain  forces  in  nature.  The  lines  of  magnetic  force  are 
assumed  to  traverse  void  space  without  change,  but  when  they  come  in  contact 
with  matter  of  any  kind,  they  are  cither  concentrated  upon  it,  or  dispersed, 
according  to  tho  nature  of  the  matter.  Thus  wc  know  that  a  suspended  needle 
is  attracted  axialft/  by  a  magnet,  while  a  bar  of  bismuth,  and  many  other  solid, 
liquid,  or  gaseous  bodies,  similarly  placed  between  the  poles  of  a  magnet,  are 
held  in  a  place  at  right  angles  to  the  axis,  or  equatoriaffy.  Ilenco  all  substances 
may  bo  classified  either  as  those  which,  like  iron,  point  oxially,  and  are  called 
Pauamagsetic  substances,  and  those  which  point  equatorially,  and  termed 
DiAMAONETic.  Tho  force  which  urges  bodies  to  the  axial  or  equatorial  lines  is 
not  a  central  force,  but  a  forco  difTering  in  character  in  the  axial  or  radial  direc- 
tions. If  a  liquid  paramagnetic  body  were  introduced  into  tho  field  of  force,  it 
would  dilate  axially,  and  form  a  prolate  spheroid;  while  a  liquid  diamagnetie 
body  would  dilate  equatorially,  and  form  an  oblate  546 


spheroid. 

Tbc  diagram,  fig.  546,  will  serve  to  render  moro 
clear  the  action  of  diamagnetie  and  paramagnetic 
substances,  upon  the  lines  of  magnetic  force.  Thus 
a  diamagnetie  substance,  D,  expands  tbc  lines  uf 


force,  and  cau:*es  them  to  open  outwards,  while  a  paramagnetic  body,  P,  con- 
centrates these  lines  upon  itself.  Bodies  of  tho  first  class  swing  into  the  equator 
of  force,  or  lie  at  right  angles  to  the  lines  of  force,  while  tho.-o  of  tho  paramag- 
netic class  become  axially  arranged,  parallel  to  the  lines  of  force. 

800.  Atmospheric  magnetism. — The  discovery,  by  Faraday,  of  the 
highly  paramagnetic  character  of  oxygen  gas,  and  of  the  neutral  cha- 
racter of  nitrogen,  the  tvro  chief  constituents  of  the  atmosphere,  U 
justly  esteemed  a  fact  of  great  importance  in  studying  the  phenomena 
of  terrestrial  magnetism.  We  thus  see  two-ninths  of  the  atmosphere, 
by  weight,  consisting  of  a  substance  of  eminent  magnetic  capacity, 
after  the  manner  of  iron,  and  liable  to  great  physical  changes  of  den- 
sity, temperature,  &c,,  and  entirely  independent  of  the  solid  earth.  In 
this  medium  hang  suspended  the  magnetic  bars,  which  are  nsed  as 
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h  ainl  this  magnetic  medium  ta  dally  heated  and  cooled  lij  the  san'n 
fttjs,  and  ita  power  of  transmitting  iLe  linca  of  magnetic  furce  la  thus 
cted,  mllut'iicitig,  undoubtedly,  lliose  diurtiitl  yimnges  ttlrcady  con- 
lidcpcd. 

i<Ol,  Notioos  of  the  origin  of  the  earth's  magnetiBiti. — Twu 

[|iijj>otho»e»»  lixive  hiilierUii  divided  tho  npiniuna  of  phili^eu pliers  in  ei- 
»lftiiii»g  the  piicnoniena  of  terrestriiil  magnetiaui. 

Tlio  f>livT  f»f  tteue  t^ws  [HnQEtcctt'F)  n^satnco  tbe  cxift«iie«  of  no  inrJcjion- 
dl«tit  tii»|rH<:tism  in  tbo  earth;,  witb  its  focus,  or  Best*  Dear  the  eartb^a  e«tttrc. 
iotcrinsJ  powtr  manif^at*  iuelf  clii*fly  a.t  ftnif  point*  near  the  torfiico,  iwo 
wbicb,  at  tbo  oppoaito  cads  of  tbo  soppoaed  toagnDtic  axl?,  nro  the  mo»tcn«r- 
a4iil  are  knowti  aa  the  mnj^nelit!  poles^  The  minnr  pulca  harm  tbcir  attn 
titefil  *Jij.S  Aiad  m^*^^  aroDDd  the  pHacipa]  axi£  from  wef^t  lo  cjMtl  in  tbo 
btnii^bero,  Aod  the  reverse  iti  the  footborti,  ^tfltig  -ongfti  to  tbo  wetU 
knaw^n  fibeoomenA  of  iho  accular  variaUan  <if  tbo  nccdtc.  Iliiwever  wi^Il  ih'u 
lealj  met  tbo  fMCtt  of  tcircdiriat  magDetism  0ODIO  year*  J^nc^,  Ibe  ra|Mkl 
|»rogresf  tjf  our  kaowlvd^  of  niH^boUo  pheDomoxia,  butb  t^rrcstriid  aad  gctiertti, 
[iriibiii  ft  fbort  period,  bos  matiorially  ehanged  aeicntffio  op'^i^"'  dlurtml 
Mil  tfregul«r  T^nattonj;  in  tbo  miignetlc  rorc««,  caonot  bo  ciplaincrd  tipoTi  ]I»pi> 
»l««ii'i<  hypothesb,  KOd  e^ccially  the  fimuItBiiooua  ix^cumtice  of  the«o  disturb- 
•noeii  at  diSbri?tit  poiut«  of  observAliott.  !N^ear]jr  &U  bodk^  Jiro  now  knowa  lo  bij 
meifptibto  tQ  Diftgnelic  iaflueacei,  white  tbo  mMimum  nnd  iDtnimuii]  magnetic 
iiitftiitity      foand  iiL  tbo»  regioDi  of  the  globe  where  the  msDitQatii  and  niosi- 

It  U  hence  now  u-^cd,  that  tbfi  emit,  or  sarfacei  imd  not  tbo  interior  nf  tb« 
^rtli.  Is  the  roilI  oflba  taagnetia  force  TbAt  tbia  force  ii  maoifestetl  irilb  lentt 
«Dcrg7  fct  tbo  oqti4tor  of  uidgufetbrn,  siud  wiib  iucrduiog  power  townrd  tbo 
ilefl,  vbere,  u  ia  &a  mrtifictal  ma.g'Del,  it  attains  it4  tsmximucn  dcTdopmenf, 
IM  me  Qod  tbo  moat  pcrfoet  aepiiratioa  of  the  msgnelie  Auid:^ :  tb^t 
[tbo  covrritire  forw  of  the  tDftteriitlj  of  tbo  eairtb'i  «urCiiic«  is  rejulvcd 
le  sfilar  beat,  ud  that  iho  depth  to  wbich  this  acparotion  opcura  ia  cl[>eo1j  coii- 
?t«d  witb  lb«  rncAD  hoLt  of  tbe  eartb't  troMtj  if  not  abiolutely  dependent  upon 
It  Axel  and  poios  bave>  tberofor'D,  io  ricw  of  ibii  b^fpoiboci%  bo  exivloDce  in 
^fiici^  Hut  are  mtirelj  cfiQvcaietit  mathematiL^al  t«rui4  for  expres&tog  our  idc«4  of 
tetgjj^Mjc  ph^-uomen*  more  closely,  juat  u  ia  cryaiAllogriipby  we  employ  tha 
ime  lorins  fnr  ibo  ttuno  reaisooa^ 

la  CO 0  fortuity  to  thia  tiov,  tbo  majiifcat&tlon  of  tbo  ttingnctie  forces  will  rary 
tiih  ftli  tbo  itiurod.  <<!b«iis«4  of  Lcmpvraturc,  giriag  tbo  rt:l»tioQ  of  cauee  %tid 
Twt  between  thrso  cbangiM:,  and  the  mftgn^tie  pertorb«iinti».  The  asma^nJ  flii<'- 
tatiioii«  in  tbe  mean  tenparmture  af  tbo  earth's  scirfape  wtllt  tb«rvrorv,  Lm  rvpru« 
lueod  in  <.-cirreBpoDding  BoreoieQbB  in  magncde  de«liti»t]on  aud  dip.  Ifeoei^ 
^Ibt  ina;^apiic  mcridiao,  uid  tbo  ty  a  turn  of  isoctioal  and  iso|^9iiia  currct  ottgbt  in 
•rrmpttftd  cbisely,  af  tbey  do  witb  isothona^l  Unca,  and  tbo  poculiar  di*lribu- 
l«m  of  U'mpcraiqn^  to  both  bi'iniiipbere*  lodged,  wo  ttiuy  aajsutue^  ptbnutd  Uii» 
f>i  (ircrjiiL  t^mi  iho  ditTcfcopc*  now  noticed  between  lIic  inutbertnea  and 

i  ;  IB,  pnibmblj,  tu  imperfect  obserrntioD*},  will:  vanish  under  A«ir  aod 

Xti  .  .  \  t    .l  ied  re*e»tih*!i. 

IV.  rttoot.*cTtox  or  yAGxers. 
802.  AitlGclal  magaeto  ar«  produced  (I.)  l*j  Urttcli»  or  friction  from 


another  ma;;tiet;  (2.)  by  ladiictloii ;  (3.)  bj  electrical  currents;  and 
(4.)  by  tbo  Bolar  ray  a. 

The  inethod  by  touch  is  accoroplbhed  by  Tcry  varioua  modes  of  tau 
ttipatation,  uf  which  we  shivll  deiscribe  only  one  or  two,  referring  th 
reader  to  larger  treatises  on  ninj^netism  for  fuller  dotailsi.    Since  t' 
introduction  of  the  method  by  olectromagtietlsm,  thv  old  incih«Hlsof 
prodacitig  magnets  by  touch  are  far  lesa  important  tlmn  furroerly. 

The  c  ire  urns  tan  cea  affecting  the  value  of  magaeta,  are  chiefly 
the  nature  and  liardneaa  of  the  sted,  the  form  and  proportion  of  itt 
pnftn,  and  the  mode  of  keeping.    The  most  uniform  arid  fiue-graiaed 
uttst-steel,  wrought  with  aa  little  dis-  s^T 
turhanee  of  ita  particles  as  posgible, 
f<^rms  the  best  inagneta. 

Tfafs  \B  tempered  m  high  possibk, 
ADtl  Lhfl  iempcr  li  thep  drnirn  by  bcal  la 
a  Tioltt  straw  color,  at  irbich  bnrdiic» 
it  liDJi  been  found  ta  rccvhu  ■.□«!  rBtain 
i»  maxitnum  of  mag^notism.  The  pru- 
portbbfl  of  »  bar  tungdeit  «bould  bo,  fur 
width,  about  ODQ-twoDtitith  the  li^ni^tb  ; 
an*]  the  tbiokavii,  onc-tbird  to  ujie^fourth 
ibe  width.  la  »  horfo-sbo?,  tbe  dig- 
tuDce  between  the  polea  ougbt  not  to  he 
grcuiter  than  Lho  widtb  of  une  of  the 
polea.  Tbc  (ncc^  should  bo  imootb  and 
level,  and  thfl  whutu  rurfflKCo  bi9  bigbly 
polishi^d.  It  l»  qDite  essenlial  fur  prc- 
jierrin^  tho  powor  of  a  magtu^i,  that  ita 
polua  «buuld  be  joined  by  a  keeper  or 
ftrmataro  of  »o(l  iron,  made  to  fit  its 
Isrel  cndj,  and  bo  suspended,  a>  seen  ia 
fig.  547,  Thui  amied,  n  magnet  gnitiA 
power ;  but  if  left  unnrmed,  it  iuITcra 
material  loair.  Bar  maj^a^ts  arc  arraaged  m  la  Hg.  MS^  «Hber  four  magm'tl 
with  tbflir  oppo:iit€  pole*  in  contact,  or  t<wQ  toagaetiii  bai^^  Bido  by  iidc,  wiib 
two  ptAoes  of  aoft  iraa  joiaiug  their  opputito  pulci. 


P03.  Magnets  by  touch.— Tviuub  "ne  p<*lti  of  a  ftowerful  magiirt 
with  one  end  of  a  sewing-needle,  or  the  point  of  a  p^^n^kntfe,  Bud  it 
becomes  itif^tantly  a  magnet,  attracting  iron  liJings,  and  repclliag  vt 
attracting  the  magnetic  needle.    The  coercitive  force  has,  in  this  case. 
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been  decomposed  by  simple  touch.  If  the  magnet  is  very  powerful,  a 
near  approach  of  the  needle  to  it  without  contact  will  develop  a  feeble 
magnetism  by  induction. 

More  powerfal  magnetism  is,  howerer,  developed  by  drawing  the  bar  to  be 
magnetised,  from  its  centre  to  the  end,  sereral  times  over  one  pole  of  a  magnet, 
retaming  it  each  time  throagh  the  air,  and  repeating  the  stroke  in  the  same 
direction.  Then  place  the  other  pole  in  the  middle  of  the  bar,  and  stroke  the 
opposite  end  as  before. 

Two  magnets  may  be  placed  together,  with  their  dissimilar  poles  in  the  middle 
of  the  bar,  as  in  fig.  549,  and  then  be  moved  in  opposite  directions,  at  a  low 

549 


550 
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angle,  to  the  extremities  of  the  bar.  The  impregnation  of  the  bar  will  be 
more  powerfal  and  speedy  if  it  rests  by  its  ends  on  the  two  opposite  ends  of  two 
other  magnets,  as  practiced  by  Coulomb.  By  inspecting  the  letters  in  fig.  549, 
this  srrangement  will  be  quite  clear.  Care  ia  taken  to  prevent  the  ends  of  the 
two  inclined  bars  from  touching,  by  placing  a  bit  of  dry  wood  between  them. 
This  is  called  §ingle  touch,  and  is  to  be  explained  in  accordance  with  §  785. 

To  magnetise  a  bar  by  means  of  the  double  touch,  two  bars,  or  horse-shoe 
magnets  are  fastened  together,  with  a  wedge  of  dry  wood  between  them,  so  that 
their  dissimilar  poles  may  bo  about  a  quarter  of  an  inch  asunder;  or  a  horse- 
shoe magnet  may  be  used  if  its  poles  are  quite  near  together.  The  magnet,  in 
this  mode,  is  placed  upright,  on  the  middle  of  the  bar,  and  is  then  rapidly  drawn 
towards  its  end,  taking  care  that  neither  of  its  poles  glides  over  the  end  of  the 
bar.  The  magnet  is  then  passed  over  the  opposite  end 
of  the  bar  as  before.  The  pules  will  be  dissimilar  to 
those  of  the  touching  magnet. 

804.  Horse-shoe  magnets  arc  easily  mag- 
netized by  connecting  the  open  ends  by  a  soft  iron 
keeper,  while  another  horse-shoe  magnet  of  the 
same  size  is  passed  from  the  poles  to  the  bend,  in 
the  direction  of  the  arrow  in  fig.  550 ;  the  poles 
being  arranged  as  indicated  by  the  figure. 

The  easiest  mode  of  obtaining  a  maximum  magnetic  effect  in  a  bar,  by  touch, 
is  that  of  Jacobi,  vis. :  to  rest  its  ends  551 
against  the  poles  of  another  m-ignet, 

and  then  to  draw  a  piece  of  soft  iron,  

called  a  feeder,  from  it  eereral  limes  — ' 
along  the  bar.  This  mode  is  applied  to  ^^^^^^jg 
horse-shoe  magnets,  as  seen  in  fig.  551. 

The  dissimilar  poles  are  placed  together,  and  the  feeder  is  drawn  over  the 
horse-shoe,  in  the  direction  of  the  arrow ;  when  it  reaches  the  curve,  it  is  to  be 
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replaced,  and  the  process  repeated ;  torn  the  whole  over  without  aepanting  tha 
poles,  and  treat  the  other  side  in  like  manner. 

A  horse-shoe  of  one  pound  weight  may  be  thus  charged,  so  that  it  wUI  austain 
26'5  pounds.  By  the  best  method  of  touch  before  known,  fig.  550,  21  lbs.  9  oi. 
was  the  highest  attainable  result  (Peschel.) 

805.  Magnets  by  eleotro-magnetism. — ^The  mode  of  producing 
electro-magnetic  currents  will  be  hereafter  described.  By  their  means, 
powerful  magnets  of  soft  iron  are  easily  produced,  and,  from  these,  by 
the  methods  of  touch  just  described,  very  powerful  artificial  magneto 
may  be  made. 

Logemann,  of  IToarlem,  in  IloIIand,  has  in  this  way  produced  the  most  pow- 
erful magnets  ever  made.  One  in  possession  of  the  author,  sustained  28}  lbs. ; 
its  own  weight  being  1  lb.  The  mode  of  producing  these  powerful  magnets 
will  be  understood  from  fig.  552. 
A  spiral  of  insulated  copper  wire, 
f,  is  wound  on  a  paste-board  tube, 

A  B,  in  the  manner  of  the  electro-  ^ 
magnetic  helix.  The  bar  to  be 
magnetized  is  armed  with  two 
heavy  cores,  or  cylinders  of  soft 
iron,  S  N,  just  fitting  the  inside 
of  the  spiral ;  when  in  its  place, 
the  ends  of  the  spiral,  e  z,  are  connected  with  a  few  cells  of  Qrore's  or  Bunaen's 
battery,  and  the  powerful  temporary  magnetism  induced  in  the  masses  of  soft 
iron,  reacts,  to  ioduco  an  uncommonly  strong  permanent  magnetism  in  the  bar 
of  steel.  A  horse-shoe  magnet  is  charged  in  a  similar  way,  by  encircling  it 
with  a  helix  of  proper  form,  with  similor  armatures  of  soft  iron.  The  close 
analogy  of  this  mode  to  that  of  Jacobi,  in  the  last  section,  will  be  noticed. 

806.  Compound  magnets  are  made  of  several  plates  of  steel,  sepa- 
rately magnetized,  as  in  fig.  523  and  549.  As  the  coercitive  power  of  steel 
appears  to  be  overcome,  chiefly,  on  its  surfaces,  653 

there  is  nn  advantage  in  multiplying  the  number 
of  plates,  but  as  each  plate  serves  to  neutralize  a 
portion  of  the  polarity  of  its  neighbor  (similar 
poles,  of  necessity,  being  brought  into  contact), 
there  is  soon  found  a  limit  beyond  which  there  is 
no  advantage  in  extending  these  batteries. 

Large  magnets  are  not  as  powerful,  in  proportion  to 
their  weight,  as  small  ones.  Sir  Isaac  Newton  is  said 
to  have  worn  in  his  fingcr-riog  a  magnet  (lodestone) 
weighing  three  grains,  and  capable  of  sustaining  over 
250  timcH  its  own  weight  (760  grains).  A  lodestone 
of  three  or  four  pounds  weight,  mounted  as  in  fig.  534, 
can  rarely  sustain  over  two  or  throe  times  its  own 
weight 

The  most  powerful  artificial  magnet  on  record,  was 
that  m  ule  by  Dr.  G.  Knight,  of  London,  and  now  in 
possession  of  the  Royal  Society.    It  consisted  of  two  priamatio  bundles,  each 
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of  S40  powerftil  bar  magnets  Are  feet  in  length,  mounted  on  wheels ;  between 
the  end  plates  of  this  combination,  the  poles  of  the  most  energetic  single  magnet 
were  rerersed  or  powerfaUj  reinforced. 

807.  Magnetism  of  steel  by  tlie  sun's  rays. — Although  the  fact 
IB  doabted  by  some  experimenters,  the  weight  of  testimony  appears  to 
support  the  conclusion,  that  the  sun's  violet  rays  possess  the  power  of 
inducing  permanent  magnetism,  when  concentrated  by  a  lens,  on  steel 
needles. 

808.  To  deprive  a  magnet  of  its  power,  it  is  only  necessary  to 
reverse  the  order  adopted  to  impart  magnetism  to  it,  stroking  it  from 
the  ends  to  the  centre  with  poles  of  the  same  name  opposed.  In  this 
way  the  magnetic  virtue  may  be  wholly  or  very  nearly  destrojed. 

The  approach  of  a  feeble  magnet  to  a  strong  one  may  reverse  its  polarity. 
Leaving  a  magnet  without  its  keeper  greatly  impairs  its  power.  Saddenly  jerking 
it  off  the  keeper,  or  striking  it  with  a  hammer,  in  a  way  to  make  it  ribrate,  does 
the  same.  Heat  accomplishes  the  total  destruction  of  magnetism,  and  in  short, 
anytbing  which  weakens  its  coercitire  power.  ConTorsely,  hanging  an  armed 
magnet  in  the  posiUon  it  would  assume  if  free  to  obey  the  solicitation  of  the 
forces  of  terrestrial  magnetism,  is  the  best  position  to  faror  its  greatest  develop- 
ment Every  magnet  which  has  been  charged  while  its  poles  are  connected  by 
a  keeper,  possesses  more  power  before  the  keeper  is  rcmored  than  after.  It  is 
indeed  overcharged,  and  the  excess  may  be  likened  to  that  residual  force  which 
retains  the  keeper  of  an  electro-magnet  in  its  place  after  the  circuit  which  excited 
it  is  broken,  or  to  the  residual  charge  of  a  Lcyden  jar.  Erery  time  the  keeper 
of  a  magnet  is  moved  suddenly,  a  loss  of  power  is  sustained,  and  hence  the 
keeper  should  be  removed  by  sliding  it  gradually  off  endways,  and  only  when 
it  is  required  for  the  performance  of  an  experiment. 

I  2.  Statical  or  Frictional  Electricity. 

I.    ELECTRICAL  PQEXOMEXA. 

809.  Definitions. — Electricity  is  the  ethereal  or  imponderable  power 
which  in  one  or  another  of  its  forms  affects  all  our  senses.  In  this 
respect  it  is  unlike  all  other  ethereal  influences.  It  appears,  as  far  as 
our  knowledge  goes,  to  extend  throughout  nature,  and  is  probably  con- 
nected inseparably  with  matter  in  every  form.  Bodies  in  their  natural 
state  give  no  evidence  of  its  presence,  but  by  different  means  it  may 
be  evoked  from  all.  Hence  statical  electricity  implies  that  condition  of 
this  subtle  other  existing  in  all  bodies  in  a  state  of  electrical  quiescence. 
Statical  electricity  is  the  opposite  of  that  state  of  excitement  following 
friction,  chemical  action,  &c.,  which  is  called  dynamic  electricity^  or 
electricity  in  motion. 

An  arbitrary  meaning  has,  however,  attached  itself  to  the  terms 
statical  and  dynamical  electricity,  materially  different  from  the  exact 
meaning  of  those  terms  as  used  in  mechanics.  Statical  or  frictional 
electricity  means  only  thai  form  of  electrical  excitement  produced  by 
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friction,  while  dynamical  electricity  is  a  term  confined  to  the  electrical 
excitement  produced  by  chemical  action,  or  voltaic  electricity.  StrieUy 
speaking,  all  quiescent  electricity  is  staiiCf  and  all  electricity  in  motion, 
from  whatever  source,  is  dynamic.  Such,  however,  is  not  the  established 
use  of  these  terms. 
Electricity  is  a  term  derived  from  the  Greek  word  for  amber  {ijXexTpm). 

Th«  ancients  know  ibis  resin  to  be  capable  of  what  we  now  call  eleetrieal 
oxeitemont,  when  it  was  rubbed. 

810.  The  chief  aouroes  of  eleotrloal  ezoitement  are : — Ist, 
Friction  of  dry  substances,  as  of  glass,  by  cat's  fur  or  silk,  and  of 
sulphur  or  resin  by  flannel :  this  is  ordinary  or  statical  electricity ;  that 
of  the  atmosphere  and  of  common  electrical  machines ;  2d,  Cftemical 
action^  or  the  contact  of  dissimilar  substances,  under  circumstances 
favorable  to  chemical  change ;  3d,  Magnetism,  producing  magneto- 
electricity;  4th,  Heatf  or  thermo-electricity;  5th,  Animal-electricity. 

The  electricity  from  all  these  several  modes  of  excitement  differs  in  degree 
and  intensity,  according  to  its  source,  but  not  in  kind,  and  each  may,  in  turn, 
be  cause  or  effect.   Each  will  be  the  subject  of  separate  consideraUon. 

811.  Electrical  effects. — A  dry  and  warm  glass  rod,  rubbed  with 
a  cat's  fur  or  silk  handkerchief,  is  excited  in  such  a  manner  as  to 
attract  to  itself  bits  of  paper,  shreds  of  silk  or  cotton,  metallic  leaf, 
pith,  feathers,  and  a  variety  of  light  substances,  holding  them  fur  an 
instant,  and  then  repclllDg  them  again,  to  the  table  or  support,  as  in 
fig.  554.  554 

In  the  dark,  a  feeble  bluish  light  is  seen  in  the  path 
of  the  rubber.  If  the  excited  glass  is  presented  to  the 
knuckle,  or  to  a  metallic  body,  a  bright  purple  spark 
will  dart  off  from  the  glass,  with  crackling  sound,  to 
the  object  presented.  Brought  near  to  the  face,  a  creeping  sensation 
is  felt,  as  if  a  delicate  cobweb  was  in  contact  with  the  skin.  These 
effects  are  produced  by  the  rubber,  as  well  as  by  the  body  rubbed,  and 
may  be  evolved  from  a  number  of  substances  as  well  as  from  gloss.  A 
peculiar  odor  always  accompanies  electrical  excitement,  thus  completing 
the  list  of  the  effects  of  this  subtle  agent  on  our  senses,  if  we  add  the 
taste  from  voltaic  electricity. 

Bodies  thus  excited  arc  said  to  be  electn'/ied ;  a  condition  which  is  only 
traosiont. 

These  very  simple  experiments,  which  can  be  repeated  anywhere  and  with  the 
simplest  menus,  contain  the  germ  of  electrical  science. 

812.  Attraction  and  repulsion. — In  the  electrical  pendulum,  fig. 
555,  the  pith-ball  is  first  attracted  to  the  excited  glass  or  resin,  and  at 
the  next  instant  is  repelled,  until,  by  touching  some  body  in  conneotion 
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with  the  earth,  or  id  some  other  way,  ii  has  parted  with  its  excitement. 
The  two  balls  in  fig.  556,  when  thus  bbb 
excited,  mutually  repel  each  other, 
because  they  are  similarly  excited. 
The  light  bodies  in  fig.  554,  oscillate 
between  the  table  and  the  rod,  first 
by  attraction,  and  then  by  repul- 
sion ;  when,  losing  their  excitement 
by  contact  with  the  table,  they  are 
again  attracted,  and  so  550 
on.  So  with  the  balls  in  . 
fig.  556.   We  recognise  A 
in  these  simple  expcri-  /f\ 
men ts  the  similarity  be-     /  \  \ 
tween  these  actions  and  r<  M 
the   law  of  magnetic 
attractions  and  repulsions.  Bodies  similarly  excited  repel,  and  those  which 
are  of  unlike  excitement  attract  each  other. 

The  phenomena  of  attraction  and  repulsion  are  not  howerer  so  simple  as 
might  at  first  appear,  since  for  tbcir  correct  explanation  a  knowledge  of  the 
phenomena  of  tuduction  is  required,  and  these  remain  to  be  explained  further  on. 

813.  VitreooB  and  resinona,  or  positive  and  negative  electri- 
cities.— The  species  of  electrical  excitement  depends  upon  the  kind 
of  material  which  is  subjected  to  friction.  If  the  pith-balls,  fig.  556, 
are  repelled  by  the  excitement  from  glass  rubbed  by  silk,  they  will  be 
attracted  by  a  stick  of  wax,  gum  lac,  or  sulphur  rubbed  by  flannel ;  or 
vice  versa. 

This  difference  of  action  is  due  to  an  inherent  difference  in  the  two 
substances,  and  the  kind  of  electrical  excitement  which  the  two  respec- 
tively produce,  is  entirely  opposite  and  antagonistic  each  to  the  other. 
The  one  is  vitreous  or  positive,  the  other  resinous  or  negative.  This 
fundamental  distinction  in  the  kind  of  excitement  produced  by  friction 
in  various  substances,  was  first  recognised  by  the  French  philosopher, 
Du  Fay,  in  1733,  and  was  re-discovered  by  Franklin  in  1747.  Glass 
and  resin  are  but  types  of  two  large  classes  of  substances,  which  pos- 
sess more  or  less  perfectly  this  characteristic  difference  in  respect  to  the 
sort  of  electricity  which  they  are  capable  of  developing. 

Xnectroscopes  serve  to  distinguish  the  two  sorts  of  electrical  excite- 
ment from  each  other.  The  pith-balls,  fig.  556,  form  a  convenient 
electroscope — two  silk  ribbons,  or  the  electrical  pendulum,  fig.  555, 
answer  the  same  purpose.  Much  more  delicate  instruments  of  this 
kind  will  be  described  shortly. 
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It  ia  only  requiaito  to  excite  the  halls,  fig.  656,  with  known  ritreoos  or  reainoos 
electricity,  when  the  approach  of  any  excited  body  whoae  electrical  state  is  un- 
known, will,  if  of  the  same  kind,  caase  a  farther  repulsion,  and  if  of  a  different 
sort,  will  occasion  an  attraction  of  the  balla. 

814.  Condactors  of  electricity. — Bodies  electrically  excited  part 
with  their  excitement  variously, — some  instantly,  others  very  slowly, — 
depending  both  on  the  nature  of  the  substance  excited,  and  of  those 
with  which  it  is  brought  in  contact.  The  pith-balls  of  the  electroscope 
lose  their  excitement  very  slowly,  the  electricity  being  removed  only 
by  the  surrounding  air.  Touched  by  tlte  finger,  or  a  metallic  body  in 
connection  with  the  earth,  they  are  instantly  discharged,  and  return  to 
their  natural  unexcited  condition.  The  electricity  is  removed  by  con- 
duction  over  the  touching  body.  And  as  bodies  vary  very  much  in 
their  power  to  conduct  electricity,  they  are  called  good  and  bad  conduc- 
iora,  or  conductors  and  non-conductors. 

Qood  conductoiB  propagate  the  excitement  to  all  parts  of  their 
surface,  and  when  in  connection  with  the  earth,  part  with  it  as  quickly 
as  they  receive  it. 

The  following  are  among  the  good  conducting  bodies,  placed  in  the 
order  of  their  conducting  power.  The  metals,  as  a  class  (silver  and 
copper  standing  first,  and  lead  and  quicksilver  last),  well-burnt  char- 
coal, plumbago,  coke,  hard  anthracite,  acids,  saline  solutions,  numerous 
fluids,  metallic  ores,  sea,  spring,  and  rain  water,  ice  above  13°  F., 
snow,  living  things,  flame,  smoke,  vacuum,  vapor  of  alcohol  and  ether, 
earths  and  moist  rocks,  powdered  glass,  and  flowers  of  sulphur. 

Bad  conductors  receive  and  part  with  electricity  very  slowly.  If 
touched  by  an  electrified  body,  they  receive  excitement  only  at  the 
point  touched  ;  or  if,  when  excited  over  their  whole  surface,  they  are 
touched  by  a  good  conductor,  the  excitement  is  removed  only  from  the 
part  touched.  They  retain  free  electricity  for  a  long  time,  and  obstruct 
its  motion. 

Insulation. — Good  conductors  are  capable  of  manifesting  electrical 
excitement  only  when  their  communication  with  the  earth  is  cut  off  by 
some  bud  conductor.   So  situated,  they  are  said  to  be  insulated,  and  the 
poor  conductors  used  for  this  pur- 
pose  (glass,  resin,  or  dry  wood),  are 

called  insulators.    Fig.  557  shows  ^       —  kmt^SrW^^^^ 
a  brass  tube  thus  insulated  by  a 

handle  of  gla<<s.  Among  the  chief  insulating  bodies  are  the  following, 
placed  in  the  reverse  order  of  their  insulating  power,  viz. :  dry  metallic 
oxyds,  oils,  ashes,  ice  below  13°  F.,  many  crystalline  bodies,  lime  and 
chalk,  lycopodium,  native  caoutchouc,  camphor,  porcelain,  dry  vegeta- 
bles, baked  wood,  dry  air,  and  gases,  steam  above  212°,  leather,  parch- 
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o«iU  pnper,  \mr.  dy^d  silk,  mhlte  sHk,  dkmond  And  precious  stoncn, 
mktt,  glasjt,  jet,  trrtx,  fiulplmr,  Uie  reBiiifi,  nnibcr,  gum  !iic»  duttn.  per- 
e9iji,  and  irli^itclrune  rubber,  are  among  the  hest  iDeuIator;!  known  ■ 
probablj  better  tbon  gum  lac. 

Some  bo(}irj*  when  aniid,  ure  oan-eotiductort,  become  coDductor»  tfljen 

]i.)uvQe4  Ujr  fufion,  vU,:  tnctallic  cbioHcIf,  g]as».  wax,  6ul|»Kdr,  rcpis,  Ac,  lle«t 
dtiuiiikalii'f  tbo  c1c>rtric'  oooducUng  power  of  m«taU.  L^nj^lb  of  couiIiiciMr 
reUTda  elftdlrieal  mntioo,  whilf  tn  increase  iis  utlicr  ditnvtieiona  fiivors  lb« 
nffkl  lr»ii»ml»4ioo  of  el«e(nfilj.  Every  body  hat  a  rprlain  rttetrieul  retnrafiHtf 
ptHftr  (SlJS),  which  ii  inrtrfe  to  it*  conductJog  power.  Tablei  of  «|eKH<Mtl 
cotiductitig  powers  wiU  be  ff»ii»iJ  iti  Inrper  work»;  but,  in  general,  tbie  ptiwcr  ia 
rerj  nvofl;^  the  mnm  m  &ny  given  IhhIx  has  f^r  coDttucliDg  hcaL 

815.  The  earth  Ib  the  great  common  je»enroir  or  receplade  into 
which  all  electrical  excilemcots  are  returned,  and,  regarded  on  a  whole, 
if  A  gt)od  conductor.  The  air,  even  in  its  ordinary  condition,  is  u  very 
poor  conductor,  and,  in  view  of  its  immense  extent,  is  bj  fur  the  most 
important  of  non-conductors.  It  serves  to  insulntc  the  enrth  in  a  non- 
eoQductitig  envelope,  more  or  less  perfect,  in  prnprjrtion  to  its  dousity, 
and  tlie  absence  of  aqueous  rapor.  Except  for  this  property  of  the  uir^ 
ftll  electrical  pLenomena  would  have  remained  inviiitble  and  uoknown 
tu  us.    The  earth  is  always  De|;ati?ely  excited. 

Ill  a  Tacuum,.  all  electrified  bodies  speedily  lose  their  excitement, 
trhile  in  drj,  denj5e  air,  they  retain  it  lungoiit.  Nevertheless,  elight 
eEectrical  eseitemexit  can  be  produced  in  a  vacuum  by  frlctitin. 

Theories  of  electricity,  oi  electrical  hypotheses. — Phih>- 
pbers  generally  agree  in  attributing  the  phenotnena  ef  electricity  la 
the  existence  uf  an  asi^umed  tlech  icaljluid.  This  t^^upfiosed  Buid  is  m 
iobtle  nnd  etliereiil  aa  to  esciipe  deteutiun  by  all  the  means  used  to  re* 
co«iii«e  tnfltter,  being  imponderaljle,  und  manifesting  itself  only  by  its 
effects.  It  h  assumed  to  pervade  all  nature,  and  to  esist  in  a  »tatc  of 
ei>n:il>ination  or  electrical  quiescence  in  nil  bodies  in  their  natural  fltate. 
Tlitft  quieM;ence  is  dif^turbed  by  friction,  and  various  physical  and 
ehemieal  cautte^.  Alt  electrical  phenoni^ena  are  snppoFcd  to  be  due  to 
the  efibrtt  of  the  electrical  fluid  to  regain  its  previous  condition  of 
»Ulie  equilibrium.  Two  principal  hypothesee  have  been  devised  to 
mm  the  phenomena  of  electricity,  namely:  lut*  that  of  Frunklin 
Spinas  ;  2d,  tltut  of  Sjninier,  luiinetlmes  attributed  to  [>u  Fuy. 
Frauklin'i  ftlngle-fluid  hypothesU  is  rccomtnetidcd  by  itii^  sim* 
ptictty,  and  wag,  for  a  long  time,  tho  view  penenillj  adopted,  both  in 
England  ami  America.  It  aAsuiucs  a  single  electrical  fluid,  wlm^e  pur» 
lidos  are  self-repellent,  but  attracted  by  matter  of  nfl  1:1  ihintng 
therewith,  and  when  ito  ooml>ined,  li**in|f  thiH  hr'.  rucy. 
Till*  fluid  i»  prcwnt  in  all  btidics,  hot  in  vju yin^ 
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stance  possessing  a  certain  capacity  of  saturation  pecnliar  to  itaelt 
In  its  natural  state,  every  substance  has  exactly  its  own  quantity  of  the 
electric  fluid,  and  is  consequently  in  a  state  of  electrical  indifference. 
If  any  cause  of  electrical  excitement  exists,  this  state  of  quiescence  is 
disturbed,  and  the  body  becomes  negatively  electrical,  if  its  natural 
charge  is  diminished,  and  positiodify  if  it  is  in  excess.  By  this  hypoth- 
esis, bodies  become  electrical  either  by  addition  to,  subtraction  from, 
or  disturbance  in  the  equal  distribution  of,  the  normal  quantity  of  the 
electric  fluid  proper  to  them.  In  those  bodies  which  manifest  positive 
electricity,  the  equilibrium  is  restored  by  parting  with  the  excess,  and 
in  those  whose  excitement  is  negative,  by  receiving  from  surrounding 
bodies  enough  to  satisfy  their  deficiency. 

This  hypotheais  will  be  recognised  as  strikingly  like  that  commonly  received 
in  explanation  of  the  equilibrium  of  heat. 

^pinus  found,  that,  in  order  to  account  mathematically  for  the  mntoal  repul- 
sion of  two  negatively  electrified  bodies  on  the  single- fluid  hypothesis,  it  was 
necessary  to  assume  that  the  particles  of  matter  were  mutually  repulsive  instead 
of  attractive,  according  to  the  Newtonian  law  of  universal  attraction.  This 
reductio  ad  abturdem  has  led  to  the  almost  universal  rejection  of  Uie  Franklin- 
ian  hypothesis. 

The  hypothesis  of  Symmer.  or  Da  Fay,  assumes  the  existence 
of  two  fluids,  extremely  tenuous,  imponderable,  in  tlie  highest  degree 
expansive,  mutually  repellent  (as  a  consequence  of  this  expansive 
nature),  and  yet  possessing  a  strong  mutual  attraction  when  not  opposed 
by  any  ob.staele.  They  therefore  combine,  when  favorably  situated  so 
to  do  ;  and  when  equally  combined,  their  expansive  and  repellent  forces 
are  neutralized,  and  electrical  quiescence  results.  Each  of  these  kinds 
of  electricity  may  exist  separately ;  they  are  then  In  a  state  of  antago- 
nism, and  exhibit  polarity,  and  other  electrical  effects.  Every  sub- 
stance becomes  thus  excited  whenever  any  part  of  its  natural  electricity 
is  decomposed  by  friction  or  otherwise.  If  a  plate,  it  may  possess  the 
two  electricities  on  its  opposite  sides,  one  being  vitreous,  and  the  other 
resinous ;  if  a  rod,  the  decomposition  of  a  part  of  its  natural  electricity 
will  make  the  rod  vitreous  at  one  end  and  resinous  at  the  other.  When 
the  cause  of  excitement  ceases,  the  two  fluids  reunite,  and  quiescence  ia 
restored.  By  this  hypothesis,  all  electrical  phenomena  arise  from  the 
tendency  of  the  two  fluids  when  separated  to  reunite  and  neutralize 
each  other. 

Either  of  those  two  views  is  capable  of  explaining  most  electrical  phenomena, 
but  the  weight  of  scientific  opinion  is  now  in  favor  of  the  last.  Neither  view 
can  be  actually  true,  since  the  term  _fi»id  is  only  a  convenient  expression  for  an 
unknown  cause,  and  there  is  no  reason  why  we  should  assume  the  existence  of 
a  separate  fluid  or  ether,  as  a  medium  for  light,  heat,  or  magnetic  electricity, 
when  it  is  more  in  accordance  with  a  sound  philosophy  to  assume  that  theso 
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Mpmrato  mMiifesUtioni  aro  but  fonctiona  of  the  ethereal  medinm  which  fills  the 
anireney  and  from  whose  correlations  to  the  particles  of  matter,  all  physical 
phenomena  proceed.    Compare  ^§  765-772. 

817.  Xileotrical  tension. — This  term  is  employed  to  express  that 
condition  of  bodies  in  which  the  electricity  is  free — a  condition  the 
reverse  of  electrical  quiescence.  This  condition  is  well  illustrated  in 
the  phenomena  of  the  Leyden  jar,  J  847,  where  there  is  perfect  equi- 
librium between  the  excitement  of  the  outer  and  inner  surfaces,  due  to 
their  antagonism.  The  energy  with  which  the  decomposed  electricities 
reunite,  when  communication  is  made  between  them,  shows  the  state 
of  tension  in  which  they  existed.  This  may  be  regarded  as  analogous 
to  the  tension  of  a  bent  spring,  in  which  equilibrium  is  regained  by  a 
reaction  equal  to  the  compressing  force.  Electrical  tension  is  a  condi- 
tion of  constrained  equilibrium,  and  when  the  free  electricities  to  which 
it  is  due,  reunite,  an  electrical  current  is  produced  from  the  reaction  of 
the  opposing  fluids,  analogous  to  mechanical  motion  from  the  recoil  of 
a  spring.  From  this  state  of  electrical  tension  are  derived  the  primary 
effects  of  electricity,  and  from  electrical  currents  arise  its  iewndary 
effects.  All  electrified  bodies  manifest  electrical  tension  ;  they  attract 
other  bodies,  decomposing  their  natural  electricity,  deriving  from  them 
a  portion  of  the  opposite  fluid.  If  this  is  insuflScient  to  satisfy  the 
antagonism  of  the  excited  electric,  the  attracted  bodies  are  next  re- 
pelled (812).  Ilencc,  two  bodies  equally  excited,  but  of  opposite  names, 
attract  each  other,  and  reunion  of  the  two  fluids  with  electrical  indiffer- 
ence results.  If  one  contained  an  excess  of  either  fluid,  both  remain 
excited  after  contact,  with  that  description  of  electricity  which  was  in 
excess ;  the  excess  being  divided  in  the  ratio  of  their  surfaces. 

Electrical  currents  are  either  momentary  or  permanent.— The 
first  occur  when  contact  is  formed  between  fiubstances  oppositely  ex- 
cited by  friction  or  otherwise,  and  their  effects  are  instantanefius  and 
transient. 

Permanent  electric  currents  arise  only  from  the  sustained  action  of 
some  continuous  cause  ;  as,  from  the  continued  motion  of  the  electrical 
machine,  or,  more  simply,  from  the  chemical  action  of  unlike  substances, 
as  in  the  voltaic  battery,  in  which  the  electrical  current  is  kept  up  as 
long  as  any  chemical  action  exists. 

818.  Path  and  Telocity  of  electric  cnrrents. — If  several  con- 
ducting paths  are  open  to  an  electric  current,  it  will  always  choose  the 
shortest,  and  that  in  which  it  meets  the  least  resistance.  If  the  cur- 
rent is  powerful,  and  the  conductor  inadequately  small, 

bo  marked  by  light,  and  perhaps  by  the  combustion  i 
of  the  conductor.    The  velocity  of  static  el«<»tricit7, 
48 


538 


PHT8ICS  OF  IMPONDERABLE  AGENTS. 


experiments,  over  a  copper  wire,  was  found  to  be  288,000  miles  in  a 
second — nearly  half  again  more  than  the  Telocity  of  light  ({  404). 

It  appears  from  Dr.  Gould's  discussion  (Am.  Jour.  Sei.  [2]  XL,  of  the 
very  numerous  telegraphic  observations  in  the  United  States,  made  under  the 
direction  of  Prof.  Boche,  for  the  Coast  Survey,  and  by  other  astronomers,  that 
the  velocity  of  a  voltaic  current,  when  the  earth  forms  part  of  the  circuit,  does 
not  exceed  16,000  miles  per  second,  and  it  has  been  measured  as  low  as  11,000 
miles  per  second ;  showing  a  great  retarding  force  in  a  conductor  of  1500  mila 
circuit  In  the  famous  Atlantic  cable,  the  electrical  retardation  was  mndi 
greater  than  this,  being  mixed  with  the  accompanying  phenomena  of  induction. 

II.  LAWS  or  ELECTRICAL  FORCES  AND  DISTRIBUTION  O?  ELECTRICITr  UPON 
THE  SURFACE  OF  BODIES. 

819.  Coulomb's  laws. — Coulomb  (died  1806),  a  distinguished 
French  physicist,  by  the  use  of  the  torsion  balance,  first  demonstrated 
the  following  laws  of  electrical  attractions  and  repulsions: — 

Ist.  Ttpo  excited  bodies  attract  and  repel  each  other  vnlh  a  force  propor- 
tional to  the  inverse  square  of  their  distances  from  each  other, 

2d.  The  distances  remaining  the  samCy  the  attractions  and  repulsions 
are  directly  as  the  quantities  of  dedricUy  possessed  by  the  two  bodies. 

Coulomb's  laws  of  torsion  have  already  been  demonstrated  (266). 
lie  happily  applied  these  principles,  first  established  by  himself,  to  the 
measurement  of  electric  forces  in  his  tor- 
sion electrometer. 

820.  Torsion  elecUometer.— This 
instrument,  fig.  558,  consists  of  nn  ex- 
terior glass  cage,  protecting  a  slender 
needle,  no,  of  gum  Inc,  suspended  by 
a  fine  wire  of  silver  or  platinum,  cen- 
trally attached  to  the  under  side  of  the 
cap,  «,  upon  the  tube  d. 

This  cap  is  graduated,  and  turns  like  the 
cover  of  a  box.  The  graduation  is  read  at 
the  vernier,  a.  A  small  weight,  o,  of  brass, 
keeps  the  wire  tense,  while  through  it  the 
gum  lao  needle  passes.  At  one  end  of  the 
nocdlc,  n,  is  a  small  gilded  ball  of  pith,  or  a 
disk  of  tinsel  paper.  The  cover  of  the  glass 
case  is  perforated  for  the  free  passage  of  a 
glass  insulating  rod,  t,  carrying  a  polished 
brass  ball  at  m.    The  glass  cage  is  graduated 

in  a  zone  at  C,  into  360  degrees,  to  measure   

the  angular  spaces  traversed  by  the  needle.  "^"^ 
The  lero  of  the  graduation,  and  of  the  arc  on  the  cap,  are  both  made  to  corre- 
spond (by  revolving  the  tube,  H,)  with  the  normal  position  of  the  needle  when 
at  rest,  and  unexcited.    To  avoid  the  loss  of  electricity,  the  air  in  the  cage  is 
kept  dry  by  a  little  quick-lime,  placed  in  a  dish  for  that  purpose,  on  the  bottom. 
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821.  Demonstration  of  the  fimt  law. — The  apparatus  being  thus 
arranged,  the  insulated  rod,  t,  is  withdrawn,  and  the  ball,  m,  placed  in 
oontact  with  some  excited  surface — as  the  electrical  machine.  Thus 
excited,  m  is  immediately  returned  to  its  place  by  the  insulating  handle, 
taking  care  that  it  touches  nothing.  Forthwith  the  disk,  n,  is  attracted 
to  m,  is  oppositely  electriBed,  and  then  repelled  with  a  force  propor- 
tioned to  the  intensity  of  m.  After  a  few  oscillations,  n  comes  to  rest 
•ay  at  30  degrees  on  the  graduated  circle.  This  angle  then  represents 
the  repellent  force  of  the  electricity  on  m,  since  the  torsion  of  a  wire 
is  directly  as  the  twisting  force.  But  what  would  be  the  force  requi- 
site to  hold  the  disk,  n,  in  equilibrium  at  half  this  angular  distance,  or 
15°  ?  Revolving  the  movable  circle,  e,  in  the  direction  of  the  arrow, 
we  find  it  is  necessary  to  carry  it  from  0  to  105°,  in  order  that  the 
needle  may  point  to  15°.  The  wire  is  then  twisted  at  top  with  a  force 
of  105°,  and  at  bottom  with  a  force  of  15°,  giving  120°  as  the  angle 
representing  the  force  with  which  the  two  electrified  bodies  repel  each 
other,  at  the  distance  of  15°— or,  at  half  the  distance,  we  have  quad- 
ruple the  force ;  at  one-third  the  distance,  or  7P,  the  force  would  be 
472°*5  -f  7°'5  =  480°,  according  to  the  law  of  inverse  squares. 

In  like  manner,  reversing  the  electricities,  we  prove  that  the  force 
with  which  two  electrified  bodies  attract  each  other,  is  inversely  pro- 
portional to  the  square  of  the  distance  by  which  they  are  separated. 

822.  Demonstration  of  the  second  law. — Having  repelled  the 
needle,  n  o,  by  the  excited  ball,  m,  withdraw  the  latter,  and  touch  it  to 
a  second  metallic  ball  of  the  same  size,  insulated  on  a  gloss  handle. 
The  ball,  m,  parts  with  half  its  electricity  to  the  second  ball  (827). 
Now  return  it  to  the  torsion  balance ;  it  will  be  fuund  that  the  needle, 
no,  is  repelled  to  a  distance  equal  to  its  former  distance  multiplied  by 
the  square  root  of  one-half,  ly  —  Dy/ 1.  Touch  m  again  to  the  second 
ball,  as  before,  and  it  will  then  repel  the  needle  to  a  distance  equal  to  the 

first  distance  multiplied  by  the  square  root  of  one-fourth,  jy^  = 
and  so  on. 

Sir  Wm.  8.  Harris,  of  EDgland,  by  the  nae  of  a  bifilar  electrometer, 
which  labstitutes  the  force  of  gravity  for  that  of  torsion,  has  shown  that  the 
two  laws  of  Coulomb  are  not  strictly  accurate,  unless  the  two  excited  bodies 
hare  the  same  site  and  form,  or  unless  the  sections  of  the  opposing  parts  are 
equaL  The  result  of  his  determinations  is,  that  the  attraction  is  directly  propor- 
tional to  the  number  of  points  immediately  opposed  to  each  other,  and  inversely 
to  the  square  of  their  respective  distances. 

823.  Proof-plane. — For  the  purpose  of  determining  the  relative 
quantities  of  electricity  that  are  found  on  the  difierent  parts  of  the  sur- 
face of  an  electrified  conductor,  a  contrivance  called  a  proof-plane  is 
aaed.  It  is  nothing  but  a  small  disk  of  tinsel,  or  metal,  insulated,  as  in 
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the  bftU,  fti,  nf  the  torsioD  bnliinco,  fig.  558.  This  h  touched  to  tUf 
surface  whose  electricity  ia  to  be  examined,  and  receiver  thererrom  a 
quantitj  of  electricity  eqiml  to  the  sum  of  both  of  it»  own  surfaces.  It 
maj  lb  en  be  inserted  ia  tha  balance  of  toraionf  or  used  on  anj  other 
electroscope.  The  electricnty  on  the  body  touched  18  ditoiQi«h«d  to  the 
mme  extent,  but  when  the  prgyf-plane  h  small,  compared  vith  tbo  area 
uf  the  excited  ctmductor,  no  aeneible  erref  can  arUe  from  thia  losa. 
The  inobt  important  source  of  ermr  to  be  guarded  against  ia  tlie  ust 
of  this  instrument,  arises  from  the  effects  of  induction,  presently  to  be 
explained. 

824.  IjLectilcity  residcss  only  on  the  oatei  saifaceB  of  excited 
bodies,  and  not  In  their  substAiice,  or  on  their  interior  surfaceat  This 
fact  IB  attributed  in  part  to  the  repulsive  power  of  the  electric  fluid 
acting  upon  the  pnrticlea  of  matter  ioterioHy,  thus  driving  tl>e  eicite- 
meut  to  the  onter  surface,  whore  it  ineet«  the  non-crmduciing  uir,  uid 
ia  arrested.  It  is  also  due  to  the  inductive  iuducnce  of  the  ekrolrieity 
of  surrounding  bodies  and  of  the  walls  of  the  rtjom.  Tho  follonring 
experiments  wilt  illustrate  this  law,  h!i^ 

A.  Eldctrify  tho  metal  iphert,  a,  fig.  (in  an 
inaalntiag  stADd,  h,  tktifi  Ofiprciacb  to  it  the  two  boUuw 
hi^pljiiphcrei  of  Itraa?,  c  inauUtcdj  and  mude  iicrti- 
ratclj  to  cover  the  *|jHeri3.  Od  rcmovitig  ihi'^iu,  n  will 
be  fuund  irithuut  tbo  hast  trikce  of  ekctru'tt  cxcite- 
inciDt^  as  may  be  proircd  by  «  ddicftte  dcetroseojte, 
wb'ilv  tha  two  bemiflpheres  arc  fully  escil^d.  To  reiiLore  tlie  C!tiir«1oping  benl- 
ephvroa  ib  to  rcmov'i]  tho  surface  of  tbe  spbcro,  &&Q 
itud  witb  tbcm  its  eleGtricttjr. 

Pig.  5Q0  sbnwR  ftH  iniulatcd  holbwepfaerSf 
witb  u  bolo  ia  the  tup.  When  this  i»  tteeirt- 
fied,  tbfl  proof-pi  an  c  ttiay  be  lairoduccd  hy  the 
opQning,  and  plotyed  ia  contact  witb  tta  iimer 
anrfmee,  witliuut  acquinng  any  cxfitcmcnt 
(provided  eare  be  lokea  to  uvoid  ihe  iuducltig 
effect  of  tbo  edges  of  ibc  opEoing,  which  raaj 
otbcrwisi]  dccciuiposo  ibo  nvutral  electricity  of 
the  gum-latr  hnudlc),  while  from  contuc?!,  witb 
any  poiut  of  lh«  outside^  the  prouf-platto  u- 
qtiifcs  alni n dun t  excitement. 

C.  Furadaj  hai  described  a  miiilin  bag  in 
the  form  of  a  not,  fig.  &GI,  iiistainod  on  an 
inaulAtcd  tliig  nf  wire,  and  provided  at  the 
point  of  tho  rone  with  two  inauiuted  silk 
iti'iogs,  cc'fBO  that  it  lazy  ho  mtutd  inj^ido 
out  at  plcaaitre,  without  touching  it.  When 
this  is  elect ri»t>d  rj-knW/y,  it  mny  be  turned 
tuAide  ouL  by  moans  of  the  Btring»,  withuat  a 
tm^^e  of  Glcctricity  being  found  on  tbo  ineido 
(wbtcb  an  inataat,  bcforo  was  tbo  out^tdo^,  aad  thta  tuaj  be  repeated  ««reral  timoj 
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befora  the  eleetricitj  ia  dissipated.  lie  ia  in  the  habit  of  covering  bis  most  deli- 
cate electroscopes  with  maslin  bags,  to  protect  them  from  the  influence  of  excited 
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electrical  machines,  with  entire 
snceess. 

Fig.  502  shows  a  ribbon  of 
metallic  paper  wound  around  a 
metallio  axis,  insulated  by  the 
silk  threads  rr;  two  pith-balls, 
0  e',  are  suspended  by  linen 
threads,  at  one  end  of  the  rib- 
bon. When  the  ribbon  is  wound 
vp,  and  the  whole  is  electrised, 
the  balls  of  the  electroscopes  di- 
verge  powerfully.  If  the  ribbon 
is  now  unwound  by  drawing  the 
insulating  string  below,  the  electroscope  balls  gradually  fall,  and  finally  come 
almost  in  contact;  but  when  tbe  ribbon  is  again  wound  up,  the  balls  diverge  as 
before.  This  may  be  repeated  several  times.  Tbis  beautifully  illustrates  tbe 
relation  of  surface  and  intensity.  As  tbe  surface  is  increased,  the  same  quan- 
tity of  electricity  is  spread  out  over  a  larger  surface,  and  its  encr;,'y  declines,  but 
is  increased  again  as  the  surface  is  diminished  by  ro-winding  thu  ribbon. 

D.  It  appears  from  these  experiments  that  a  ball  of  wood  or  pith,  covered  with 
tin  foil  or  gold  leaf,  can  accumulate  on  its  surface  as  much  electricity  as  if  it  was 
of  solid- metal. 

It  is  thus  proved  that  all  the  electricity  with  which  a  coDductlng 
body  is  charged,  is  disposed  oa  its  surface. 

825.  Distrlbation  of  electricity. — The  form  of  conductors  influ- 
ences the  distribution  of  eleotriciky  on  their  surface.  In  a  sphere,  tbe 
distribution  is  uniform,  as  would  bo  anticipated  from  the  known  pro- 
perties of  the  solid.  The  proof-plane,  applied  to  any  part  of  an  excited 
sphere,  acquires,  as  tested  by  the  balance, 
the  same  power.  In  an  ellipsoid  of  revo- 
lution, like  fig.  5G3,  the  proof-plane  ap- 
plied at  a,  gives  a  much  larger  angle  of 
torsion  in  the  balance  than  at  any  other 
point,  while  the  minimum  is  in  the  vicinity 
of  e ;  showing  a  tendency  in  electrical  ex- 
citement to  accumulate  about  the  extremi- 
ties of  any  solid  having  unequal  axes. 

In  cylinders,  the  concentration  of  force  is  within  about  two  inches  from  each 
end,  and  is  feeble  at  the  middle.  So  in  platen,  the  maximum  of  accumulation  ia 
about  an  inch  from  the  edge.  The  same  is  true  of  the  edges  and  solid  angles 
of  prismatic  bodies. 

826.  The  power  of  points  (first  investigated  by  Franklin)  in  con. 
centrating  electricity  is  such  that  tbe  excitement  passes  ofi",  as  rapidly 
as  it  ftocumulates,  to  the  nearest  bodies,  or  is  diffused  into  tbe  ambient 
air  in  an  electrical  brash  or  pencil,  yisible  in  the  dark  (842  (6) ).  This 
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fact  follows  as  a  consequence  of  the  tendency  of  electricity  to  accamo- 
Inte  at  the  smaller  end  of  an  ellipsoid.  The  ellipqoid  may  be  ao  elon* 
gated  that  the  electricity  escapes — it  then  becomes  a  blunt  point.  These 
facts  are  of  the  greatest  importance  in  the  construction  of  electrical 
machines. 

827.  The  loss  of  electricity  in  excited  bodies,  even  when  insii- 
latcd  in  the  best  manner,  is  constant,  chiefly  from  two  causes,  vis. :  Ist, 
the  moisture  of  the  air ;  and  2d,  the  imperfection  of  the  insulation. 
The  loss  from  the  first  cause,  in  still  air  of  average  dryness,  is  propor- 
tioned to  the  state  of  electrical  tension.  Bodies  feebly  excited,  and  per- 
fectly well  insulated  in  dry  air,  retain  their  state  of  tension  for  weeks 
or  months,  while  those  highly  excited,  and  not  carefully  preserved,  are 
soon  deprived  of  all  electrical  excitement.  The  rate  of  loss  by  imper- 
fect conduction  is,  of  course,  dependent  on  the  non-conducting  material 
used,  the  perfection  of  workmanship,  and  care  of  the  apparatus. 

The  loss  of  electricity  by  an  excited  conductor,  when  placed  in  con* 
tuct  with  an  uncxcited  body,  insulated  from  the  earth,  is  in  proportion 
to  the  relative  surfaces  of  the  two  bodies.  One  gains,  the  other  loses. 
Two  equal  spheres  will  divide  the  whole  quantity  between  them.  If 
they  remain  in  contact,  the  distribution  is  unequal,  being  least  at  the 
point  of  contact,  and  increasing  to  a  maximum  at  20°  to  30°  from  the 
point  of  contact.  The  proof-plane  determines  exactly  all  such  questions. 

In  a  vacuum,  a  high  state  of  electrical  tension  is  impossible,  since  the  tc- 
straining  power  of  the  air  is  wanting.  But  a  feeble  tension  can  be  preserved  in 
an  exhausted  receiver  fur  a  long  time.  The  movement  of  the  mercury  against 
the  walls  of  the  tube  of  a  barometer,  excites  electrical  tension,  and  even  lumi- 
nous electricity,  as  was  shown  by  Cavendish. 

111.    INDUCTION  OF  ELECTRICITY. 

828.  Electrical  iufluence  or  induction. — Every  electrified  body 
U  surrounded,  so  to  speak,  by  an  atmosphere  of  influence,  analogous  to 
that  surrounding  a  mngnet  (783),  within  which  every  insulated  con- 
ductor becomes  also  excited.  Bodies  so  afiected  are  said  to  be  dectrified 
by  induction^  having  their  neutral  electricity  decomposed  by  the  tension 
of  the  excited  conductor,  exercised  through  the  intervening  air. 

Let  the  conductor,  V,  fig.  564,  of  an  electrical  machine,  be  approached  within 
say  six  inches  of  an  insulated  metallic  con- 
ductor, A  IJ.  The  small  electroscopes,  n  a', 
suspended  beneath  its  ends,  instantly  diverge, 
and  at  the  same  time  are  respectively  attracted 
to  V,  at  A,  and  repelled  from  it  at  B.  If  V  ^^^^  y] 
is  -j-  A  is  — ,  and  the  remote  end,  B,  is  plus. 
The  intermediate  electroscopes,  h  b',  also  di- 
verge, but  in  a  less  degree,  while  those  nciir 
the  middle,  r  c',  do  not  diverge  at  ull.  If, 
while  thus  excited,  A  B  ist  withdrawn  Ironi  V  (euro  being  taken  nut  to  Utneh  the 
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•radaeting  nirfaee),  the  electroscopes  will  presenilj  cease  to  indicate  any  ex< 
eitement  The  explanation  of  these  facts  is,  that  the  neutral  fluid  of  A  B  has 
been  decomposed  by  the  influence  of  V,  the  fluid  being  repelled  to  B,  and  the 
—  attracted  to  A,  while,  near  the  centre  (never  exactly  in  the  centre),  a  neutral 
point  is  found,  where  no  decomposition  exists.  When  V,  the  disturbing  cause, 
is  withdrawn,  the  two  electricities  of  A  B  unite  again,  and  leave  tbe  conductor 
entirely  passive.  If,  however,  the  conductor,  A  B,  is  made  in  two  parts,  joined 
at  the  neutral  point,  and  each  on  a  separate  glass  leg,  when  it  is  inductively 
excited,  the  two  parts  may  be  separated,  and  each  part  will  then  be  found,  when 
remored  from  influence,  to  possess  the  same  excitement  developed  in  it,  under 
the  indnetive  power  of  Y. 

By  means  of  a  glass  tube,  or  stick  of  resin  gently  excited,  and  approached  to 
one  of  the  electroscopes,  it  is,  of  course,  easy  to  determine  tbe  description  of 
excitement  in  V,  which  we  now  assume  to  be 

829.  The  laws  of  induction  may  be  thus  stated : — Ist.  A  body 
electrized  by  indaction,  possesses  no  more  electricity  thaa  before.  This 
ia  shown  by  the  fact,  that  as  soon  as  the  inducing  influence  ceases,  the 
two  fluids  reunite  in  A  B,  and  no  trace  of  excitement  remains. 

2d.  If  a  conductor,  excited  by  induction,  is  touched,  or  made  to  com- 
municate with  the  earth  in  any  part  of  its  surface,  it  parts  with  a  por- 
tion of  electricity,  always  of  the  same  name  with  the  inducing  body, 
and  it  retains  the  fluid  of  opposite  name.  If  the  inducing  cause  is 
then  withdrawn,  the  insulated  conductor  remains  excited,  with  the  fluid 
of  opposite  name  to  that  of  the  inducing  body. 

Thus,  we  note  the  important  distinctions  between  a  body  electrized  by  induc- 
tion and  by  conduction.  Induction  occasions  no  transmission  of  free  electricity 
to  tbe  other  body ;  but  only  a  decomposition  of  tbe  +  electricities  of  the  insu- 
lated conductor.  Induction  produces  dissimilar  conduction,  similar  electricity 
to  that  of  tbe  exciting  body ;  and  the  distance  to  which  electricity  of  induction 
extends,  greatly  exceeds  that  to  which  it  can  be  propagated  by  conduction, 
where  absolute  contact  or  very  close  proximity  is  required.  A  strong  analogy 
exists  between  electric  and  magnetic  induction.  Both  magnetism  and  electricity 
by  eoMiaet,  are  of  the  same  name  with  the  body  touched.  By  influence,  tho 
neutral  fluid  of  the  excited  body  is  decomposed,  and  the  polarities  are  in  accord- 
ance with  laws  already  stated. 

830.  Induction  ia  an  act  of  contiguous  particles.— Dr.  Faraday 
has  modified  the  usual  view  of  induction  just  stated,  by  showing  that 
induction  never  takes  place  at  a  distance,  without  polarizing  the  mole- 
cules of  the  intervening  non-conductor,  causing  them  to  assume  a  con- 
strained position,  which  they  retain  as  long  as  they  are  under  the 
influence  of  the  inductive  body. 

Because  air  and  other  non-conductors  permit  the  passage  of  electrical 
influence  in  this  manner,  Faradoy  calls  them  dielectrics,  in  distinction 
from  electrics,  or  conductors  which  can  become  polarized  only  when 
insulated  by  some  dielectric.  Dielectrics  differ  in  their  specific  induc- 
tive capacity,  air  being  the  lowest  in  the  scale,  as  follows,  viz. :  air,  1 ; 


PHYSICS  OV  IMPONDERABLE  AGENTS. 


resin,  1*77 ;  pitch,  180;  wax,  1*86;  glass,  1*90;  sulpbar,  1*93 ;  shellac, 
1-95. 

The  apparatus  used  by  Faraday  in  determining  the  relative  indaetire  eapiwity 
of  air  and  other  gases,  is  seen  in  fig.  565,  consisting,  essentially,  of  two  metallie 
spheres,  C  and  P  Q,  of  unequal  diameter^  the  smaller  placed 
in  the  centre  of  the  larger,  and  insulated  from  it  by  a  stem 
of  shellac  or  gutta  percha,  A.  The  two  balres  of  the  outer 
sphere  join  in  an  air-tight  joint,  like  the  Magdeburg  bemi- 
jpheres  (257).  The  space,  nt  n,  may  be  emptied  of  air  by  an 
air-pump,  controlled  by  a  cock  in  tbe  foot,  and  filled  with 
any  other  gas  or  fluid.  This  apparatus  resembles  the  Lcy- 
den  jar  (847),  with  the  advantage  of  changing  the  intervening 
dielectric  at  pleasure.  The  balls,  C  and  V,  constitute  tbe 
charged  conductor,  upon  the  surface  of  which  all  the  electric 
force  is  resident  by  virtue  of  induction.  As  the  medium  in 
m  It  may  be  changed  at  pleasure,  while  all  other  things  re- 
main the  same,  then  any  changes  manifest  by  the  proof- 
plane  and  torsion  balance,  will  depend  on  changes  made  in 
the  interior.  The  same  end  would  be  reached  by  faaving  two 
exactly  similar  inductive  apparatus,  with  different  insulating 
media.  When  one  was  charged  and  measured,  the  charge.^ 
being  divided  with  the  other,  the  ultimate  conditions  of  both  indicate  by  the 
torsion  balance  whether  or  not  the  media  had  any  specific  diflerencei.  (For 
further  details,  see  Faraday's  Exp.  Res.  1197.) 

831.  The  attractions  and  repulsions  of  light  bodies  (811)  can 
be  explained  only  in  view  of  the  phenomena  of  induction.  The  excited 
tube  or  resin,  decomposes  the  neutral  electricity  in  the  pith-balls  or 
bits  of  paper,  repelling  the  electricity  of  opposite  name,  and  being  thus 
left  of  an  opposite  excitement  to  the  rod  or  resin,  they  become  attracted 
to  the  exciting  body,  in  obedience  to  electrical  laws.  All  cases  of  elec- 
trical repulsion  are  equally  referable  to  attraction  under  inductive 
influence.  Thus  the  apparent  repulsion  of  the  two  pith-balls  in  an 
electroscope,  is  really  the  effect  of  the  attraction  of  surrounding  bodies, 
whose  electrical  equilibrium  is  disturbed  by  the  inductive  influence  of 
the  exciting  cause. 

The  following  experiment  illustrates,  in  an  interesting  manner,  the  develop- 
ment of  electricity,  and  the  attractions  and  repulsions  of  light  bodies  by  induc- 
tion. Support  by  its  edges  a  pane  of  dry  and  warm  window-glass,  about  an 
inch  from  the  tabic,  on  two  pieces  of  dry  wood,  and  place  beneath  it  several 
pieces  of  paper  or  pith-balls.  Excite  the  upper  surface  by  friction  with  a  silk 
handkerchief,  tbe  electricity  of  the  glass  becomes  decomposed,  its  negative  fluid 
adheres  to  tbe  silk,  and  its  positive  to  the  upper  surface  of  the  glass  plate ;  thin, 
by  induction,  acts  on  the  lower  surface  of  the  glass,  repelling  its  positive  elec- 
tricity, and  attracting  its  negative,  the  iutcrvening  dielectric  being  polarized  as 
explained,  and  the  lower  surface  of  the  glass  electrified  by  induction  through 
its  substance,  attracts  and  repels  alternately,  the  light  bodies,  like  tbe  excited 
tube  (811).  (Bird.)  Numerous  experiments,  illustrative  of  induction,  are  given 
under  the  electrical  machine. 
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832.  EleGtrometen.~CavaUo'8,  Volta's,  and  Bennett's. — The 

electroscopes  mentioned  in  section  813,  servo  to  indicate  the  presence 
and  oame  of  the  electricity.   Electrometers  are  designed  to  give  ap- 
proximate measures  of  the  quantity  of  eleo-  566 
tricity. 

Fig.  566  shows  Carallo's  electrometer — a  bell- 
jar  with  a  metallic  rod  and  button,  sustaining 
two  pith-balls,  m,  at  the  ends  of  two  wires.  VoUa 
sabttitntad  for  the  two  pith-balls,  two  delicato 
blades  of  straw,  p.    Bennett  replaced  these  hj 
two  strips  of  gold  leaf,  o,  placed  face  to  face. 
When  the  knob,  B,  receives  electricity,  the  pith- 
balls,  straws,  or  gold  leaves,  diverge,  and  by  the 
degree  of  their  divergence,  measured  on  a  graduated  are,  the  intensity  of  the 
electricity  is  judged  of.    Two  strips  of  tin  full,  e  e',  are  567 
pasted  to  the  inside  of  the  glass  bell,  to  discharge  tbe 
diverging  leaves,  wben  they  are  repelled,  so  as  touch  the 
fides.  Otherwise  the  inside  of  the  glass  jar  would  be  elec- 
trified by  indaetion,  and  render  the  apparatus  useless ;  and 
to  avoid  dampness,  the  top  of  the  bell  is  varnished,  and  the 
air  within,  dried  by  quick  lime.    Approaching  an  excited 
body  towards  B,  the  gold  leaves  diverge,  because  the  posi- 
tive fluid,  if  the  excitant  is  positive,  is  driven  into  them, 
while  the  negative  is  attracted  to  B.  Touching  B  with  the 
finger,  tbe  positive  fluid  passes  off'  to  tbe  earth,  bat  on 
withdrawing  tbe  finger,  the  leaves  diverge  under  the  influ- 
ence of  the  negative  electricity  remaining  in  tbe  apparatus. 

Fig.  567  is  a  sensitive  form  of  gold  leaf  electrometer,  with 
brass  condensing  plates,  g  846,  and  a  cup  at  top  to  illustrate  the  eflect  of  evapora- 
tion in  producing  electrical  excitement. 

Hare's  single  leaf  electrometer,  and  the  condensing  electrometer,  are  mentioned 
in  section  816,  and  Bohnenberger's  under  the  dry  pile,  §  873. 

lY.   SLECTRICAL  MACHINES. 

li6Z.  The  eleotrophoms. — Any  apparatus  by  which  electrical  phe- 
nomena may  be  obtained  at  pleasure,  is  an  electrical  machine.  Tbe 
simplest  apparatus  of  this  sort  is  Yolta's  eUctrophorus,  or  carrier  of 
electricity,  invented  in  1775.  568  569 

A  cake  of  resin,  or  a  disk  of  whalebone- 
india-rubber,  or  gutta  percha,  eight  or 
ten  inches  in  diameter,  is  excited  by  a 
fur  or  warm  flannel,  and  a  smaller  disk  of 
brass,  or  tin  plate  (with  rounded  edges),  is 
placed  on  it  by  an  insulating  handle.  Touch 
the  upper  surface  of  the  metallic  disk  with 
the  finger  (fig.  568),  in  order  to  allow  the 
escape  to  the  common  reservoir  (815)  of  the 
negative  electricity,  resulting  from  the  decomposition  of  the  neatral  fluid  ia  the 
metallic  plate  by  tbe  excited  resin.  Now  removing  the  finger,  raise  the  disk  by  th« 
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inetilittLiis  b&ndle,  mud  ftpproscb  iti  edgo  to  atiy  cauductor,  m  tbo  kntirkle,  i|, 
&0t;  iiDinediatAl;  •  itrong  apark  is  iecUj,  Auv  to  Ibo  (roo  poiiiito  ctoctncLij 
eiciijtmg  in  A.  Plttco  A  on  B  a^a^iot  tuucii  it,  Hi  Insfucef  lha  «»m«  mutt 
ma^  bt!i  ubLainod  mi  cfUsn  ^  dceired.  If  A  is  loft  Is  rcpofo  tifK»a  Bt  It  irlU  rsmata 
cUArgvd  a  lon^  t[me,  cTeik  for  wooks^  and  a  Leydcu  j>«r  maj  b«€li*rg«d  wiib  it 
an  J  time:  on  ih^  Uibla  of  tbcf  labqriilory  it  STO 
uinj  be  more  convenieiitlj  nscd  lb  an  an  ordi- 
nary tilcclrical  mivcbiDCi  for  cipkiding  gasofl. 
Tbe  Fcetipu  of  rJie  tileciropbcirus,  s&t>a  is  Sg. 
&70,  ihvws  bow  ibe  inductivo  ftction  &f  tbo 
cscuttid  ream  iwts,  id  iilfortjag  the  olectrieol 
noEBflnGljilurQ  of  eacb  BurfiLciQ|  t&s  indiiiiated  hj 
tb©  BJgiOB  +  mid  — . 

The  plieuomena  inrolrfd  in  the  electrophorus  are  ideoUcal  with 
lliose  eiplained  in  §  823,  Of  couw,  if  th©  pkto,  A,  were  mltfed 
witbout  touching,  it  woulJ  n]atiifc>«t  uo  elcGtricai  excitement;  tlie  two 
fluida  re-combining  as  tu  tho  insulsited  conductor,  fig»  563, 

834,  The  cylinder  electrical  machine. — When  larger  quantities 
of  electricitj  are  required  than  can  be  obtamed  from  tlie  means  alrcodj 
de9cril>cd,  resort  ia  had  to  mftchiuesof  larger  siaej  and  more  power,  atl 
of  which,  however  rarious  in  farm,  conaiat  prtacipallj  of  three  paTta^ 
viz. :  Ist,  a  non-conductor,  usually  of  glaaa,  revolving  on  a  hontontal 
aiia,  and  producing  friction;  2d,  a  ni6Jwr,  ngainat  which  tlie  non- 
conductor preesea.  The  rubber  i*  a  soft,  elaatic  non-condueting  bodj. 
n»  a  ouahioQ  of  letitht^r,  usiitilly  armed  with  amalgam,  to  be  described 
bcrc;ifter.  Sd,  two  conduetorSf  muaUj  of  brosa,  mounted  on  glass  sup- 
ports, one  to  receive  the  +  and  the  other  tlic  —  electricity. 

In  tha  ojlinder  machiufl,  fig.  S71.,  a  tmooth  cjliader,  Mj  of  glut, 
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oti  ibo  miuUtcd  pHmo  conductor,  A,  and  ooTcring  ahont  oiso-elghth 
of  \t»  tVLitmfv :  An  apfoa  of  sitk  ia  uiualtj  aUa<?licd  to  the  upper  edge  of  Ibo 
Vber,  *ntl  ex  tend  J  a.a  t&r  &t  Ibti  potuic,  V,oo  tha  twobA  tiQiiduetur,  B,  dceiigD«d 
ri>Miv<i  U>0  -f  decerieiiy  cjccUed  mt  C.    If  the  conuzctmg  rodsr,  E  ftro 
prottf^bvd  n»  ia  the  figurei,  and  tbe  cylinder  it  rcrolved,  apd  thero  ii  no  coti- 
wtian  wilh  tlie  earth,  tben  tbe  +  clcctrieiij  accumiiUtcd  oa  the  pq»iti\'e  eon- 
duclor.  IV ill  fL^antte  iritb  a  ^park  wHb  the  — clci-trictty  of  tke  negntivi'  conductor, 
A,  a^iiii  to  >>«  decompofcd  u  before  at  C.    If  tbv  na^atiiro  eondactor^  A,  ii 
I  ooBaeet*tl  wUb  tbe  «ftrtb  bjr  »  ebeiii  or  metallic  thread,  then,  wheii  Ibc  tniwUiiiB 
U»  worked^  a  eontiauoni  iow  bf  ipurka  of  po«itiire  elt'ctricity  will  p&si  from  Ibo 
kfi^vi!'  conHluctor,  B,  to  aray  eoudaotur  acat  enough  ta  rec«ive  tbcnt.    But  if  A 
HflptnlateHl,  »nd  B  it  connected  with  tbe  earth,  then  from  £,  a  contiaunus  flow 
nif  tttgftltre  oteelricilf  i*  obtaiacd.    In  this  coMc  a  &9yr  of  positiro  fjlectrU'Uy 
tftkw  |»!&eo  from  tbe  (!^a«bioo,  C,  through  the  condurtor^  B.  to  lb«  enrlh,  thu« 
kwHng  Ibo  ^otiduotor  A  chjirj^od  wilb  ocgatire  olcotrieilj'.  Thia  form  of  cylinder 
biiehlne  waa  duif  n«d  bj  lui  £»glUhm»ii  named  Noime. 

Amalg&m. — No  coDsiderablc  quantity  of  etectrlcltj  can  he  evolved 
from  sin  electrical  machine  of  gitL'-s,  unless  the  robber  ia  excited  with 
ivn  ainiilgoni  composedi  usnallj  of  fvur  parLa  mercury,  eighl  sine,  and 
two  tin,  nii^cd  with  some  unctuous  matter  and  spread  on  silk  or  leather. 
Th«  aitjc  in  first  tnelted;  the  tin  is  added^  and  the  mixture  stirred,  and 
pour^,  ut>t  too  ht>t,  iDto  a  wooden  box.  cmtcd  inside  with  chftlb,  and 
into  which  the  heated  mercury  has  been  first  poured.  Tbe  lid  is  put 
on,  and  tbe  bui  vialeatlj  shaken,  until  the  aroalgaai  becomes  cool.  It 
is  then  finely  pulverized  in  a  mortar,  and  becomes  as  Boft  as  butter, 
i  Ramiden'a  plate  maohine,  as  its  name  indicates,  hoa  a  plate 

mt  plates  of  glass  substituted  for  the  cylinder.  Tbia  form  of  apparatus 
U  seen  in  fig.  572.  Tbe  plate,  FF,  is  revolved  by  the  winiih,  M,  sus- 
tained in  a  frame,  00,  of  baked  wood.  Two  pairs  of  spring  cusbicm?, 
m  L%  armed  with  amalgam,  produce  friction.  The  conductors,  C  C,  collect 

itlie  eleiitricity  from  the  i^lass  by  tlie  points  seen  on  the  inside  of  their 
Curved  branche*.  placed  ocar  tbe  surface  of  the  plate.    Each  of  the 
Bu^hiims  is  eonaectcd  with  the  earth  by  the  conductor,  D ;  strips  of 
lin  foil  pasted  upon  the  edges  of  the  frame,  0.  and  shown  in  6T3 
the  ji^ure  unslmded,  communicate  Ijetween  the  four  sets  nf 
ushions  and  the  chuin  D. 


ftpparalua  oriifinally  gfAV«  only  posrUve  •kctrieity. 
was  *o  mo'lijleil  by  Von  Marum  as  to  oturin-tw  tht»  ^tstrci.  Tbis 
rto  nf  tilecirteal  macbin*  wa«  contJrired  by  Riu»#d<in,  uf  Londun, 

th9  cAjrlifrnt  «l6ctrtC'al  machine  was  mada  by  Otl<»  V.  QaRrirke 
wba  ^fiTnDt«c|  tbo  air-pump),  aud  whk  a  gtahc  of  aniphur  or  rvvin, 
tivm  hy  a  mt*inr  wheel,  lUu  Imnd  being  n»«d  fur  friuliun.    A  tone  of  vulphur^ 
iVi,  etst  in  a  wlse^^j^liutfi  aud  prrjvk]c»l  with  a  j^tAfi  rod  a^  a  liaDdlo^  tervct 
lUiji'tratct  tbie  rarly  olwlriral  appariiluii.    But  bard  lindifl-rubbcr  U  a  more 
nri>tii«tit  and  e^rlaiu  lourcis  of  ne{£aUirti  «kclTi(.'al  cKtiieiat^nt. 

In  tbe  United  States,  oor  MOcbanicians  have  brought  all  nppnralus 
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for  etGctt'lcnl  illus^trntiona  to  q  degree  of  perreoiioD  IcaTing  little  io 


The  American  plat^  electrical  maobine*^ — The  f^irm  of 

pliUe  mat.4i!r>e  cdinmonly  adojitcJ  in  the  United  States  is  Ruen  in  fig, 
57 -i  {tnym  Bi^rkie),  It  la  arranged  for  the  eibibition  of  bi»th  olcctricl- 
liea  nt  pleasupe,  and  luis  a  pntno  unndiictor  <m  a  movable  Atimd. 

Dr.  H,\nti  hns  very  ingnisi<jHHly  irtot  iho  dtffioulty  of  obtmntng  l>oth 
dpctricilie^  from  tlie  plitto  mocliine  by  makiii};  the  plate  ri?v«dve  hofl- 
xotitallv,  liiid  thus  olluwlri;*  the  pusilive  nrnl  nu-fulive  r.onductoi's  tft 
itimfl  like  art-be^  in  two  vertuml  pbinei^  nt  rigbt  nngks  to  eacb  tilb^r 
nljuve  tbe  plute.  Am,  Juur.  Sci,  [IJ  Vfl,  1(18.)  l>r,  liure  wn»  an 
dent  supporter  of  tbe  Fninkniiiim  hypotbo^^ifi,  aiiJ  liiiv  apfwimtu 
A»  cuntrived  to  PusUiin      ari^umwla  in  favor  of  tbiit  rlew. 
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elliElfi.'^Tbe  targcvt  elcetricrat  macblne  hitherto  confrtrttcted,  to  fiLr  114  wc  are 
ftilripijil,  u  th«.t  ntmdfl  for  iha  1iDi?eirsttj  of  HiiiiiUiftppi:,  «t  Oxford,  uad^r  tLe 
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dlfvctioii  of  P|t>8idant  Barnard,  hj  M.\ttihio^  of  OoBtati,  Tbc  g^uent  comlnictiAii 
«f  Lbu  giiguittc  clectrlrnl  Bipr'iiriitu?  tiia^  lid  uudifri.lood  fmni  {ig.  TiTi  (iVutttif- 
pi«c«),  til  wltirtt,  tiuwcrer,  ihtt  prhoe  cundticturn  «r«  not  sbowQ.  Tbe«&,  r<»r 
Krnitcr  rnDvi^nicnc^  of  EUAntpulAtion*  arc  made  movable  oti  iQparote  iupportf. 

Tbii  murbttiv  hnj  two  pl«t<M  of  Ffvneb  glui,  e&rb  aix  feet  m  dia.m«!L«r, 
tm\n«4  by  »n  insnlftted  iil«el  axle,  upon  eigbt  cut'gtMfl  mpporU,  on  a  frawe  of 
r^amwomh  The  f  lU'tcfl  arc  excited  bj  four  pairt  of  robber*,  raade  of  brafs,  and 
lin^d  uriib  Sne  ttttul  fksH  Ujn!«-«igbtl}a  of  an  inch  tkicJi,  Hucb  aH  ii  used  fnr  llio 
dim  pert  of  ihv  ^r».ati  piana.  Tbeio  am  vovtrcd  iriLb  firta  India  iUk,  iipun 
wUkh  (he  Dnnilgfim  i«  spread.  RuVberf  of  thi»  eoDJtraetion  are  fouod  to  be  fur 
inure  BiHinent  tbim  tbote  in  p^^neral  u^e,  Tbc  prime  eondueturs  of  this  nincbiiio 
ctpo*r  Ort^  •>|Uiiir«  fact  at  puMisbed  hrmn  rjimderi  in  ibree  ■eclionft,  about  one 
ftmi  in  dintnetfr  hy  roredi  in  lenpftb.  tnitaincd  abt^  on  cut'];1u«  iiiBtilaiitif  pil- 
Ian  'Jne  iuru  *f  tbb  marbine  fills  tbe  ipartnienl  with  an  ttverpowtrinj:  ufi«>f 
tit  ofone.  It  i*  arnmifed  m  to  mttard  nt-gative  eleelriPify  from  faur  rubWr*. 
Oaa  lMiti#rjr  for  lhi#  maebine  contfritis  otic  hundred  and  twenty  gtan  brllr, 
arranii^tnl  in.  doinrbitiiititi,  who#e  coat«d  tn]rJare«  expoi«  about  Dtoetjr  «^uare  fi^et 
tif  area.  Ko  detniied  dc^eriptioQ  of  tlie  i>crrfonBaiic«  of  tbii  rnpcrb  tnaebino 
Itaa  yd  been  made  {>ablie.  U  eott  oircr  ihrve  thnujand  dollar*  witbatit  its  ba|. 
•Irric*. 

The  Tyl&rian  macbllie, — The  Ur^jt  and  taort  raman*  plAte  nin'^hmn 
rnttotif  )  in  ihv  Iwoltn  K-fi>r«  tbat  of  ItitrhiP,  nf  IJfl"tMn,  bntfa  «o  accondt  «f  itf 
•ia«  and  pttt^ramnrv,  mn»  ioad«  by  Culbbcrtjioa  for  Von  Ihlarum  in  ITia,  and 
wail  plaeod  in  ibo  T>  li9riaD  5luf«uiik,  ill  Uaaflen.  in  HuMand.    It  mm  a  daubte 
4?» 
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plate  machine,  each  plate  sixtj-fire  inches  in  diameter,  with  eight  enihiou, 
nearlj  sixteen  inches  in  length,  and  twenty-three  and  a  half  feet  rarfaee  in  the 
conductor.  It  gave  three  hundred  sparks  twenty-foar  inches  long  in  a  minute 
forked  like  lightning,  and  with  rays  six  or  eight  inches  long,  branching  from  the 
angles  of  the  flash.  It  deflected  a  thread  six  feet  long,  six  inches  from  a  per- 
pendicular, at  a  distance  of  thirty-eight  feet,  and  the  balls  of  Carallo's  electro- 
scope (832)  diverged  half  an  inch  asunder  when  forty  feet  distant  from  it.  The 
prime  conductor  was  supported  on  three  glass  pillars  sending  oat  colleeting 
branches  between  the  plates.  Two,  and  sometimes  four  men,  were  employed 
to  turn  it.  When  in  full  force,  a  single  spark  from  the  condootor  sufficed  to 
bum  and  dissipate  a  strip  of  gold-loaf  twenty  inches  long,  and  one  and  a  half 
lines  wide.  A  pointed  wire  exhibited  the  appearance  of  a  luminons  star  when 
held  twenty-eight  feet  from  the  conductor. 

All  glass  is  not  equally  fit  for  electrical  plates ;  that  which  is  white,  hard,  and 
free  from  bubbles,  is  most  esteemed.  If  too  much  alkali  is  used  in  the  compo- 
sition of  the  glass,  its  surface  attracts  moisture,  and  soon  becomes  damp  and 
rough.  Such  a  plate  is  worthless.  The  preference  given  to  old  plates  is  dne, 
probably,  to  the  fact,  that  their  composition  has  enabled  them  to  preserve  their 
properties  uninjured. 

838.  Care  and  management  of  electrical  machines.— Perfect 
insulation  and  freedom  from  dust  and  roughnesses,  are  essential  to  the 
good  condition  of  all  electrical  machines.  For  this  end,  the  glass 
columns  are  varnished,  to  avoid  the  deposition  of  moisture,  and  all  the 
polished  surfaces  of  metal,  as  \rell  as  the  glass,  must  be  kept  quite 
clean,  and  free  of  dust  If  th^  surface  of  the  cylinder  or  plate 
becomes  streaked  with  amalgam,  it  must  be  -wholly  removed.  It  is 
better  not  to  put  any  amalgam  into  immediate  contact  with  the  glass, 
but  to  spread  it  upon  the  cushion  pretty  thickly,  and  then  to  cover  it 
with  a  piece  of  silk  ;  a  sufficient  quantity  will  pass  through  the  silk, 
as  the  machine  is  worked. 

If  the  gloss  becomes  greasy,  it  is  best  washed  with  rectified  campbene,  burr- 
ing fluid,  or  ether.  It  is  indispensable  that  the  surface  of  the  amalgam  should 
be  in  good  metallic  communication  with  the  earth,  which  is  accomplished  by  the 
use  of  tin  fuil,  or  tinsel.  Cushions  stufied  with  metal  filings  are  preferred  by 
some,  chiefly  for  this  reason.  A  cushion  or  rubber  made  of  two  or  three  folds 
of  cotton-flannel,  between  which  is  laid  a  continuous  strip  of  tin  fuil,  of  the 
same  size  with  the  rubber,  works  exceedingly  well.  Ritchie  prefers  piano  felt. 
Aurum  mHnaicum  (the  bisulpburet  of  tin),  a  yellow  bronzy  powder,  is  an  excel- 
lent substitute  for  amalgam.  It  is  supposed  to  sufler  chemical  decomposition 
when  in  use,  and  so  to  quicken  the  activity  of  the  machine.  Finally,  a  dry 
winter  air  is  indispensable  for  the  best  working  of  an  electrical  machine;  hence, 
radiant  heat,  falling  on  the  machine,  or  an  apartment  heated  by  a  dry  furnace 
air,  is  especially  favorable.  In  carpeted  rooms,  it  is  desirable  to  connect  the 
rubber  with  a  gas-fixture,  to  secure  a  good  communication  with  the  common 
reservoir. 

839.  Electricitj  from  steam. — Armstrong's  hydro-electriC  machine, 
fig.  576,  is  designed  to  illustrate  the  development  of  powerful  electrical 
effects  from  high  steam;  a  fact  well  known  to  all  concerned  in  the 
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mariApPincnt  of  locomotive  tteBm-engmtsa,  but  firi»t  ecientifically  nuticeti 
iu  by  Mr.  Aruistrong,  at  NewcaslJeon-Tyoe.    The  aiiparatus 

which  lio  oimtrlred  to  show  iliese  effects,  5*6 
U  A  Rommon  high  pressure  steam  boiler, 
iibotit  three  feet  long* and  twenty  inches  id 
d'mmeter,  ritoantcd  tyn  insulaiing  pUlarsi, 
Bnd  strong  etiougli  fiir  &  pressure  of  COO 
lbs,  to  the  inch.  The  vteem  "ta  suffered  to 
enCApe  hy  jets,  A,  of  a  peculiar  form,  on 
the  side  of  the  box,  B,  into  which  it  is  nd- 
mitted  hj  the  eoclt,  C.  Forad&y,  in  mrea- 
tigAting  the  eleotridty  of  eleam^  found 
that  <irtf  ateAm  gave  no  excitement,  ti: 
that  the  electrkity  reaultcd  from  the  iVi' 
ticm  of  Teaicles  of  water  against  the  eidea 
«f  the  orifice*  Hence,  B  oontains  a  Itttle 
water,  over  whieb  the  ateam  escapes,  and  h  partjally  coodensed.  The 
jet  has  an  interrupted  pos^ngei  eeen  at  M,  to  produce  friction,  and  its 
uoExle  is  lined  with  dry  box  or  partridge  wood.  The  Tapor  cscnpeA 
againet  n  plnte,  P,  coTered  with  metoUic  paiDts,  Id  colleot  the  electricity, 
iind  etiding  in  ft  brass  ball,  D,  insulated  from  the  earth.  The  boiler  is 
uegfttiTc,  and  pofiitire  electricity  is  collected  At  D,  proTided  the  water 
U  pure  and  free  from  grea«e.  Turpentine,  and  other  Tolatilc  csaenees, 
rcTerae  ibe  polarity,  while  grease »  or  steam  from  acidf  or  saline  water, 
dftatroya  all  excitement,  If  the  nozzle  of  the  Jet  ends  in  ivory  or  metal, 
there  it  also  do  excitement.  A  boiler,  suoh  as  ia  deacribedt  will  develop 
in  a  given  time,  as  much  electricity  as  fimr  plate  machines  forty  inches 
in  diameter,  making  sixty  turns  a  minute ;  a  truly  surprising  results 

840.  Otber  sonxcea  o{  electrical  excitement. — L  The  hands  of 
leather,  India-rubber,  or  gutta-perchat  used  to  drive  machinery,  some^ 
tunes  become  powerful  sources  of  resinous  electrical  excitement,  givin;^ 
sp&rkd  of  negiitife  electricity  over  twenty  inches  in  length. 

In  fottoa-wUl*,  w  mach  etectrietty  i*  tbu»  eol  frfm,  Ihut  U  becoinei  oeeattary 
to  let  itnuB  Into  Lite  cArtltug  And  roriti^  room?,  lo  UToId  tnconTeiiienec  rrooi 
■vpulsiOQi  and  sttriwtioiii  ot  tb«  eoitoo.  A  leatliora  band,  mciitiviied  by  Mr. 
Bkcbcldcr  {Am.  Jour,  ScL  [2]  IlL,  2&0),  ifnve  ppnrkf  to  ihe  lingrT  mi  three  feet, 
■.lid  A  lumiDottfl  bmitb,  Ui  »  it«|  poiDt,  »t  teren  ff«L  The  dUch«rg«  from  le«tli«r» 
•J  from  All  btvd  coDduftori,  ii  d*ngrr  would  fttteod  iL 

Dr.  Fmnkiiti,  id  a  letter  to  Bowdoin^  jiiggvitecl,  ftir  a  pomble  cleetriea! 
ehiur,  a  croi^cd  bnpd  «r  ttttiM  kather,  moved  by  a  wlnc^h  orcr  dniioj. 

2.  The  friction  of  shoe-leather  on  irocillen  oarpets,  in  bouses  warmed 
i)Qt-alr  fumacef,  or  steam,  in  eold  weather,  ia  a  fertile  and  curioua 
of  negative  etoctri^l  excitement. 
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The  yoang  people  in  the  author's  house  find  an  unfailing  aonroe  of  amuse- 
ment in  cold  weather,  in  giving  electrical  shocks,  by  kisses  and  otherwise,  to 
unwary  people,  or  in  lighting  the  gas  by  a  spark  from  the  finger,  or  a  key. 
handle,  aflber  running  briskly  over  the  carpet  Prof.  Loomis  has  notioed  these 
effects  in  detail  in  the  Am.  Jour.  Sol.  [2]  X.,  821,  and  XXVI.,  686.  They 
appear  to  be  unknown  in  Europe,  owing  probably  to  ^e  fact  that  European 
houses  are  seldom  warmed  and  dried  by  hot-air  furnaces. 

841.  Theory  of  the  electrical  machine. — The  phenomena  of  the 
electrlcAl  machine  may  be  explained,  either  on  the  theory  of  one  or  two 
fluids.  The  explanations  of  induction  (828),  already  given,  apply 
equally  to  the  development  of  free  electricity,  upon  the  prime  conduc- 
tors of  electrical  machines.  When  the  machine  is  turned,  the  neutral 
electricity  of  the  rubber  is  decomposed,  the  positive  fluid  follows  the 
glass,  until  coming  opposite  the  points  on  the  prime  conductor,  the 
negative  electricity  of  the  conductor  flows  out,  to  unite  with  the  posi- 
tive of  the  gloss,  while  the  positive  fluid  of  the  conductor  is  repelled  to 
the  other  end,  thus  leaving  the  prime  conductor  powerfully  positive. 
Reaching  the  rubber,  the  neutral  fluid  of  the  glass  is  there  decomposed, 
its  negative  portion  seeks  the  common  reservoir,  and  the  positive  fol- 
lows the  revolving  glass  to  the  points  as  before.  The  conductor  does 
not  acquire  positive  electricity  from  the  plate,  but  gives  its  negative 
thereto,  thus  becoming  itself  positive. 

It  is  still  an  open  question  whether  the  action  of  the  amalgam  is  chemical  or 
mechanical  (834).  It  is  certain  that  an  amalf;am  of  silver,  or  gold,  docs  not  act 
to  excite  electricity,  liko  amalgams  of  oxydizablo  metals ;  and  Dr.  Wollaston 
demonstrated,  that  the  latter  did  not  act  in  an  atmosphere  of  carbonic  acid  or 
nitrogen,  free  of  oxygen. 

In  all  cases,  the  discbarge  of  an  electrical  conductor,  by  a  spark  or  otherwise, 
is  accompanied  by  the  induction  of  an  opposite  excitement  in  the  body  receiving 
the  shock,  whose  opposite  electricity,  uniting  with  that  of  the  conductor  by  a 
forcible  ditruptiun  of  the  intervening  dielectric,  produces  the  sound  and  flash 
of  the  electric  discLargc. 

842.  Experimental  illustrations  of  electrical  attractions  and 
repulsions. — A  multitude  of  instructive  and  amusing  experiments 
may  be  made  with  the  electrical  machine,  illustrating  the  law  of  attrac- 
tion.   A  few  must  suffice.  577 

1.  The  insulating  stool  is  a  bench  with 
glas8  Icgf,  fi;;-  577  (a  board  on  four  black  bottles 
answers  jwrfcctly ),  on  which  a  person  may  stand 
or  sit,  while  in  communication  with  the  electri- 
cal maehinc.  lieing  thus  insulated,  the  free 
electricity  can  escape  only  through  the  sur- 
rounding air, — approaching  the  kunckic  to  any 
part  of  the  person  or  dress  of  one  so  situated, 
a  strong  spark  is  received.  Except  for  the  hair  being  repelled,  the  person 
charged  is  not  conscious  of  any  change  from  an  ordinary  state.  A  doll's  head, 
with  paper  hair,  set  upon  one  of  the  conductors,  is  a  common  electrical  toy. 
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2.  Benle7*8  electroscope,  fig.  S78,  Krres  to  mvk  the  degree  of  tension 
in  the  machine  hj  the  repalsion  of  a  pith-bmll  at  the  end  of  a  strmir:  it  ia 
moDoted  on  one  of  the  condaHora,  and  in  drj     578  679 
weather  remains  extended  a  long  time,  bat  in 
damp  weather  fidls  immediatelj,  when  the  ma- 
chine stops. 

3.  Electrical  bells,  fig.  579;  the  belb,  A 
and  B,  are  suspended  by  a  metallic  thread,  from 
the  ends  of  a  cross-bar  of  metal  hang  on  the 
machine ;  the  bell,  C,  and  the  two  clappers,  are 
hang  by  insolating  threads.  C  is  connected  with 
the  earth ;  and  when  the  machine  is  worked,  A  and 
B  become  positiTe,  and  hj  induction  C  becomes 
negatire,  and  the  little  dappers  being  alteraatelj 
attraetad  aad  repelled,  a  constant  ringing  is  kept  up  as  long  as  the  excitement 
lasts.  If  the  machine  is  too  actire,  laminoos  sparks  pass,  and  the  bells  remain  stilL 

The  bells  may  be  eonreniently  arranged  on  an  independent  foot,  as  in  fig.  580. 

4.  Volta*S  hail -storm  is  a  eontriraace  designed  to  show  how  (in  Volta's 
riew)  hail  might  be  produced.  It  is  a  larger  way  of  581 
showing  the  same  facts  already  explauned  in  §  811.  A 
glass  bell  communicates  with 
the  machine,  fig.  581,  abore, 
aad  rests  on  a  metal  plate  in 
commanieation  with  the  earth. 
When  the  machine  is  worked, 
the  pith-balls  on  the  plate  are 
Tiolently  agitated,  being  drawn 
np  aad  repelled  again  actively, 
while  the  excitement  lasts.  A 
simple  bell-glass,  or  large  tum- 
bler, electrized  by  contact  of  its 
interior  surface  with  the  con- 
duetor  of  an  electrical  machine, 
answers  quite  as  well,  and  may 
be  placed  orcr  a  heap  of  pith- 
balls  on  the  table;  they  are 
riolently  thrown  about  as  long 
as  the  excitement  continues.  The  dance  of  puppets,  fig.  582,  is  only  a  subsU- 
totion  of  little  figures  of  dancing  peasants,  made  of  cork  or  582 

pith,  and  placed  between  two  metallic  plates. 

5.  The  electrical  wheel  is  composed  of  screral 
points  fixed  in  a  centre,  so  balanced  as  to  rest  on  an  upright, 
sustained  on  one  of  the  eondactors,  fig.  583 ;  as  the  machine 
is  worked,  the  escape  of  the  electricity  from  the  points  reacts 
on  the  air  with  sufficient  force  to  rerolre  the  wheel  with  acti- 
rity.  The  existence  of  such  a  current  of  air,  caused  by  the 
escape  of  electricity  from  points,  is  further  shown : — 

6.  By  a  candle  flame  ;  a  candle,  fig.  584,  held  before 
the  pointy  has  its  flame  blown  aside  by  the  rush  of  air  aeeom- 
panying  the  electricity.  If  the  nndle  is  placed  as  a  eonduetor, 
and  a  point  is  held  out  to  it,  the  direction  of  the  flame     »^^rt^  by  the  i«i 
fluid  indueed  on  the  poin^  flg.  MA. 

49» 
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This  experiment  has  been  called  the  eUetrieal  blote-pipe.  The  msb  of  air  from 
the  points  maj  be  so  energetic  from  an  active  machine,  aa  to  eztiagaish  the 
flame.    In  the  darlc,  all  points  on  an  electrical  683 


from  points,  but  a  Leydon  jar  may  be  silently  charged  from  them.  Masts  and 
yards  of  ships  aro  often  seen  thas  tipped  with  fire  (called  St  Elmo's  Are)  in  a 
thunder  storm.  If  the  point  is  corered  with  a  ball  an  inch  or  two  in  diaiseter, 
its  peculiar  action  ceases,  and  the  ball  emits  sparks. 

7.  Franklin's  spider,  EUicott's  electrical  waior-pot,  the  inclined  plane,  and  the 
electrical  planisphere,  are  other  well-known  forms  of  apparatus,  designed  to 
show  the  same  principle.  The  catalogues  of  all  leading  instrament-makera, 
contain  numerous  additional  illustrations  to  the  same  end. 

V.    ACCUMULATED  EI^CTRICITY  AND  ITS  EFFECTS. 

843.  Disguised  or  latent  electricity. — The  phenomena  of  induc- 
tion, already  explained,  have  a  curious  and  most  important  extension 
in  the  subject  of  this  chapter.  When  tvro  equal  and  insulated  conduc- 
tors, equally  excited  by  the  two  opposite  electricities,  are  separated 
from  each  other  by  only  a  thin  plate  of  glass,  or  other  dielectric  mate- 
rial, no  signs  whatever  of  any  electrical  excitement  are  communicated 
by  either  to  an  electroscope  connected  with  them.  The  dielectric  pre- 
vents the  union  of  the  opposing  electricities,  but  not  their  mutual 
inductive  action,  whereby  their  presence  is  entirely  masked  to  sur- 
rounding bodies. 

Removed  to  some  distance  from  each  other,  each  manifests  free  elec- 
tricity, by  the  divergence  of  its  electroscope.  But  if  they  are  once 
more  brought  together,  this  evidence  of  excitement  again  disappears, 
and  so  on,  until  the  imperfect  insulation  of  the  air  gradually  neutral- 
izes all  free  electricity. 

When  so  situated,  the  electricities  are  said  to  be  latent  or  disguised^ — 
paralyzed  by  their  mutual  attractions. 

844.  The  condenser  of  .Spinas. — The  phenomena  of  disguised 
electricity  are  illustrated  by  the  use  of  various  condensers,  consisting 
<;^.selltiaIly  of  two  extended  metallic  surfaces,  and  an  insulating  aie- 
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dioto.  Thej  are  aometinies  adapted  to  accamolate  electricity  of  high 
tension,  and  sometimes  their  aid  is  invoked  to  render  sensible,  quanti- 
ties of  electricity  otherwise  insensible. 

The  condenser  of  iBpinnf,  figs.  686,  687,  is  designed  for  the  fonner  purpose. 
Two  polished  meUllie  surfaces,  AC,  with 
electroscopes,  a  6,  and  an  intermediate 
thin  glass  plate,  B,  fig.  587,  are  all 
mounted  oe  insulating  glass  pillars,  and 
slide  in  a  groore  cut  in  the  base.  In  fig. 
586,  the  two  disks  are  placed  in  close 
contact  with  the  interrening  dielectric, 
B,  while,  by  the  chain,  n,  positive  elec- 
tricity flows  into  A,  from  the  excited 
conductor  of  an  electrical  machine. 

Did  A  stand  alone,  it  could  only  receive  so  much  electricity  as  would  raise  its 
surface  to  the  same  tension  with  the  prime  conductor  of  the  machine.  But  this 
condition  is  wholly  changed  by  the  presence  of  the  second  plate,  C,  cut  off  from 
actual  contact  with  A,  by  the  dielectric,  B,  but  entirely  within  its  inductire  in- 
fluence. A  part  of  the  natural  fluid  of  C  is  at  once  decomposed  by  this  influ- 
ence of  A,  attracting  its  negative  fluid  to  the  inner  surface  of  C,  and  holding  it 
there,  while  the  corresponding  positive  fluid  from  C,  is  expelled  by  the  conduc- 
tor, m,  to  the  earth.  No  free  electricity  would  remain  if  it  were  possible  for  B 
to  exist  and  act  as  a  dielectric  without  thickness  :  but,  as  this  is  evidently  im- 
possible, it  happens  that  a  little  less  negative  fluid  is  drawn  to  the  surface  of  C, 
than  exists  of  positive  on  A,  by  reason  of  the  thickness  of  B.  Consequently, 
the  electroscope  on  A  remains  slightly  elevated  (residual  charge),  even  after 
some  time,  while  that  on  C  continues  wholly  passive. 

But  the  neutralization  of  A's  positive  fluid  by  the  decomposition  of  an  equiva- 
lent of  natural  electricity  in  C,  results  in  diminishing  the  tension  of  A,  to  the 
low  degree  corresponding  to  its  residual  free  electricity.  Ilence,  A  can  receive 
a  fresh  charge  from  the  machine,  raising  its  tension  to  its  first  condition,  and 
inducing  the  decomposition  of  a  fresh  portion  of  neutral  electricity  in  C  as 
before,  and  thus  the  action  proceeds,  until  the  whole  of  the  natural  fluid  of  both 
plates  is  decomposed  and  disguised,  or  rendered  latent,  excepting  that  small 
portion  which  at  each  instant  constitutes  the  /ree  electricity,  equivalent  to  the 
difference  due  to  the  thickness  of  B,  and  which,  as  we  have  seen,  would  be  null, 
if  B  could  be  conceived  of  as  having  no  thickness.  It  is  this  small  residue 
which  constitutes  the  residual  charge  in  the  Leyden  jar. 

In  performing  this  experiment,  the  knuckle  may  serve  as  a  conductor  to  the 
earth,  in  place  of  w,  when  a  rapid  scries  of  sparks  will  be  received  (positive 
electricity),  constantly  diminishing,  and  ceasing  with  the  maximum  charge  of 
A  and  C.  This  point  of  maximum  charge  is  dependent  on,  1st,  the  extent  of 
surface  in  A  B ;  2d,  on  the  tension  of  the  prime  conductor ;  and  3d,  on  the 
thickness  of  B. 

When  the  point  of  saturation  in  A  and  B  is  reached,  and  all  the  electricities 
possible  are  disguised  in  the  condenser,  the  pendulum  on  A  still  shows  only  a 
feeble  excitement,  although  both  A  and  B  are  in  a  state  of  extreme  tension. 
Withdraw,  now,  A  and  C  from  B,  as  shown  in  fig.  5S7 ;  now,  the  electroscopes, 
A  and  B,  both  show  high  excitement :  restore  the  plate  again  as  at  first,  and  6 
becomes  again  entirely  passive,  while  a  shows  the  same  feeble  excitement  as 
before.    The  opposing  fluids  on  A  and  C  are  wholly  occupied  with  their  mutual 
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ftttrMtions,  and  only  tbe  small  excess  of  -f-  Aaicl  ^  already  expluned, 

to  affeot  tbe  olectrosoope,  B.  The  plates,  A  and  C,  are  now  fully  charged  with 
disguised  electricity,  rendered  latent  by  mutual  inductions,  and  Uie  polarisaUon 
of  tbe  dielectric  B.  Although  apparently  passire,  they  are  actually  in  a  state 
of  high  tension,  as  may  be  proved  by  their  discharge. 

845.  The  discharge  of  the  condenser  may  happen  in  three 
ways : — Ist,  insensibly ;  by  the  imperfect  insulation  of  the  supports, 
especially  if  the  air  is  damp ;  but  always  gradually. 

2d,  by  the  disruptive  discharge.  If  the  plate,  B,  is  too  thin  in  refer- 
ence to  the  extent  of  surface  in  A  and  C,  the  tension  of  the  opposing 
fluids  will  overcome  the  cohesion  of  the  glass,  6,  and  it  will  be  shivered 
in  pieces,  with  a  loud  explosion,  and  brilliant  spark.  The  same  spark 
and  explosion  may  take  place  without  destroying  the  dielectric,  if  we 
use  a  discharging  rod,  to  effect  communication  between  A  and  C.  This 
apparatus  is  either  single,  as  in  fig.  538  &S9 
588,  or  double,  as  in  fig.  589.  If 
this  rod  is  provided  with  glass  in- 
sulating handles  (as  in  the  figures), 
the  experimenter  feels  no  sensation  ; 
but  otherwise,  or  if  A  and  C  are 
brought  into  connection  by  the 
naked  hands,  then  a  powerful  shock 
is  experienced,  convulsing  the  whole 
frame.  The  same  sensation,  in  a 
feeble  degree,  is  felt  when  the 
knuckle  receives  the  sparks  of  an  excited  machine. 

3d,  and  lastly,  the  charged  plates  may  be  slowly  discharged  by  alter- 
nate  connection  with  the  earth.  While  the  condenser  is  in  the  condition 
indicated  by  fig.  586,  touch  C  with  the  finger ;  no  effect  follows ;  touch 
A,  and  a  feeble  spark  is  received ;  the  electroscope,  a,  falls,  while,  at 
the  same  instant,  that  on  C  is  raised  to  the  same  degree,  showing  that 
what  A  has  lost  in  free  positive  electricity,  C  has  gained  in  free  nega- 
tive fluid.  Touch  C  ;  a  slight  shock,  a  feeble  spark,  and  the  fall  of  the 
electroscope,  B,  ensue,  while  the  electroscope  on  A  again  manifests  its 
original  excitement.  Thus,  by  the  alternate  discharge  of  A  and  C,  the 
whole  of  their  disguised  fluids  are  gradually  set  free  and  discharged. 

84C.  Volta's  condensing  electroscope. — This  instrument  de- 
pends on  the  principles  just  explained,  and  is  used  to  render  sensible 
by  condensation,  electricity  of  too  feeble  a  tension  to  affect  the  ordinary 
gold-leaf  electrometer. 

The  plate  A,  fig.  590,  is  covered  with  waxed  silk,  slightly  larger  than  the 
disks;  this  takes  tbe  place  of  tbe  dielectric,  B,  fig.  5S6.  When  the  instromoni 
is  used,  tbe  upper  plate  is  placed  in  the  position  shown  in  fig.  591,  and  its  svr- 
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&ee  is  toaebed  with  the  bodj  whose  excitement  we  would  meesnre;  e.  g,  a 
crystal  of  tourmaline.    At  the  same  tune,  the  under 
surface  of  the  lower  plate 
(in  connection  with  the  gold 
leares),  is    touched  hy  the^ 
moistened  finger  of  the  other  / 
hand.  The  influence  of  the  ex-  I 
cited  electric  acts  in  this  case 
exactly  as  has  been  already 
explained  in  the  condenser  of 
iBpinns.     No   dirergence  is 
seen  in  the  gold  leaves,  until 
the  upper  plate  of  the  conden- 
ser is  nused,  as  in  fig.  590, 
when  the  gold  leares  promptly 
direrge:    this   action  being 
heightened  by  the  inductire 
influence  of  two  little  balls  of 
polished  brass,  rising  within 
the  glass  as  high  as  the  lower 
edge  of  the  gold  leares. 

.  Dr.  Haxe*a  single  gold- 
leaf    electrometer. — In 

this  instrument,  a  single  gold  leaf,  about  three  inches  long,  by  one-third 
of  an  inch  broad,  is  hung  bj  a  brass  rod  from  the  top  of  a  bell  or  globe, 
as  in  the  last  instrument.  Immediately  opposite  to  the  lower  end  of 
the  leaf,  a  similar  rod  of  metal  passes  through  an  opening  in  the  side 
of  the  vessel  carrying  a  gilded  disk  of  wood  or  paper  half  an  inch  in 
diameter.  This  lateral  rod  is  graduated  to  measure  small  distances. 
To  use  this  instrument,  the  lateral  rod  is  put  in  communication  with 
the  earth,  and  an  electric  is  brought  in  contact  with  the  upper  disk, 
when,  if  the  distance  between  the  leaf  and  the  lower  disk  is  small,  the 
most  minute  attractive  force  is  detected.  In  the  original  692 
instrument.  Dr.  Uare  employed  a  plate  of  zinc,  on  an 
insulating  handle,  and  one  of  copper  on  the  instrument 
arranged  as  in  Volta's  electrometer,  when  the  simple 
separation  of  these  two  disks  would  evince  a  tenfold  deli- 
cacy of  action  compared  to  Volta's  condenser.* 

847.  The  Leyden  jar. — Accident  led  to  the  discovery 
of  this  remarkable  piece  of  apparatus,  long  before  its 


principles  were  made  clear  by  the  condenser  of  vEpinus,  | 
and  the  explanations  of  Franklin.    It  consists  of  a  thin 
glass  jar,  fig.  592,  coated  inside  and  outside  with  tin  foil, 
as  far  as  the  bend  of  the  neck.   The  inner  sarface  is  extended  by  d 


•  Hare's  Mechanical  Electricity,  Philadelphia,  1836,  p.  29. 
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wire,  carrying  a  brass  knob  at  top,  touching  the  inner  coating  by  a 
piece  of  chain  or  wire,  and  sustained  in  its  place  by  passing  through 
a  non-conducting  cover  of  dry  wood. 
/  The  relations  of  tb«  jar  and  the  two  metallic  eoatinga,  will  be  seen  by  fig.  593, 

showing  in  section  a  Leyden  jar,  the  parts  of  which  are  separable,  and  its  wire  bent 
conveniently  into  a  hook,  to  suspend  it  on  the  machine.  It  will  be  seen  at  a  glanee 
that  this  arrangement  is  identical  in  principle  with  the  condenser  of  iBpinos,  and 
the  electrical  plates  of  Franklin.  If  the  knob,  b,  of  the  Leyden  Jar,  insulated 
upon  a  stand,  fig.  594,  is  presented  to  the  conductor,  o,  of  the  electrical  machine 
in  action,  only  a  single  spark  or  so,  will  enter  it,  unless  594 
a  way  is  provided,  as  by  the  conductor,  e,  for  the  escape  of  j  Q 
the  similar  electricity  from  the  exterior  coating, 
while  its  opposite  is  then  fixed  as  in  C,  fig.  587. 
The  charging  of  the  jar  then  proceeds,  and  for 
every  spark  which  darts  from  a  to  5,  a  correspond- 
ing one  of  similar  electricity,  is  seen  to  escape 
from  the  outer  coating  to  e.  When  it  is  held  in 
the  hand,  the  same  effect  follows  through  the  arm, 
accompanied  by  a  slight  twinge  in  the  nerves. 
Presently  the  point  of  saturation  is  reaehed,  and  the  two  decomposed  electrieitiei 
are  latent.  Either  coating  may  be  fearlessly  touched  alone,  but  as  soon  as  by  the 
discharger  or  otherwise,  communication  is  made  between  them,  a  loud  snap  and 
brilliant  spark  follow  with  a  violent  shock. 

The  invention  of  the  Leyden  jar,  or  vial,  is  commonly  attributed  to  Cunssus 
or  Muschenbroek  of  Leyden,  in  1740.  Von  Kleist,  dean  of  the  chapter  at  Comin, 
in  Pomorania,  also  independently  discovered  this  important  instrument  by  a 
similar  accident. 

With  a  view  to  fix  electricity  in  some  insulated  substance,  Cunssus,  in  1746, 
led  electricity  into  a  small  vial  containing  water,  by  a  bent  nail  thrust  through 
the  cork,  and  hung  upon  the  prime  conductor.  Endeavoring,  in  one  of  these 
trials,  to  detach  the  vial  and  nail  from  the  electrical  machine,  Cunstus,  to  his 
great  amazement,  received  a  violent  shock.  Von  Kleist,  in  the  course  of  a 
valuable  series  of  experiments  (1745)  on  electricity,  led  the  fluid  by  a  brass 
wire  or  pin  into  a  bottle  containing  mercury.  "  As  soon,"  he  says,  as  this 
little  glass,  with  the  pin,  is  removed  from  the  electrical  machine,  a  flaming 
pencil  issues  from  it  so  long,  that  I  have  been  able  to  walk  sixty  paces  in  the 
room  with  this  little  burning  machine;  and  if  the  finger  or  a  piece  of  money  be 
held  against  the  electrified  pin,  the  stroke  coming  out  is  so  strong  that  both 
arms  and  shoulders  are  shaken  thereby." 

This  discovery  of  so  wonderful  a  power  in  nature,  before  unsuspected,  created 
immense  excitement  over  the  civilized  world,  and  it  was  precisely  at  this  time 
that  Franklin  immortalized  himself  by  his  contributions  to  the  new  science.  He 
explains  the  action  of  the  Leyden  vial  by  his  single  fluid  hypothesis,  in  his 
"  Observations  and  Experiments  on  Electricity,"  in  a  manner  which  must  ever 
win  for  him  the  reputation  of  a  profound  philo-  595 
sophcr. 

848.  Electricity  in  the  Leyden  jar 
resides  on  the  glass. — In  fig.  595,  the 
jar.  A,  is  composed  of  the  three  separable 
pieces ;  B,  the  glass,  C,  its  outer,  and  D, 
its  inner  metallic  coatings.   When  this  jar  is  charged,  and  set  on  an 
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ftuUting  8urfac#,  it  mnj  be  separated  into  its  thrto  parts  without 
;  diiKhnrg-ed  ;  hut  C  onJ  D  will  iliea  be  fjund  by  the  electroscope 
ily  free  from  excitement,  while  B  remains  stroDgly  excited.  Put- 
thif^  Ihf}  piirU  bi>^ethcr  again  as  in  A,  the  jar  will  he  found  clmrge4  as 
al  (ir»t,  if  the  air  h  dry,  and  Coo  much  time  Iios  tiot  passed, 
I  The  elootxic  battery. — As  tlie  charge  of  the  Lejdca  jar 

'olbcr  things  being  equal,  directly  as  its  siirfftce.  Iiitge  jara  w©  plainly 
of  more  (xtwer  than  BmaU  ones.  But  a  Umit  of  size  ia  noon  reached, 
which  the  tbtckncss  of  glaaa  required  for  jstrengtb,  and  other  circutn- 
stiine9a»  render  it  unprofitable  to  pasa.  Hence  8e?eral  coated  jars,  of 
moderate  sixe,  are  united  by  joining  all  their  inner  coatings  by  metallic 
zodftf  and  nil  their  outer  coatings  by  a  common  conducting  base,  aa 
ehowD  in  fig,  SO'B.  Such  an  arrangemetit 
is  c&Ued  an  dectrical  battery.  Wiieu 
eh^ged  from  a  common  source,  and  dis- 
charged in  the  usual  way,  they  all  act  as 
«)«  great  jar,  the  result  being  nut  quiie 
in  the  ratio  of  the  number  of  jars,  but 
nenrly  so.  Hence,  the  ^mailer  the  num- 
ber, the  thinner  the  gtitfis,  and  greater  the 
size  of  the  jars,  the  better^  and  several 
batterie*  of  taTen  and  nine  jars,  united  to  the  obarging  rods  of  the 
oentraJ  jar%  are  preferable  to  more  extended  single  series.  They  are 
cbofg^  by  connecting  the  interior  with  the  prime  conductor  by  i, 
and  the  exterior  with  the  earth.  If  the  battery  is  extensive,  and  the 
machine  powerful,  grent  caution  js  teqoiBite  to  avoid  receiving  ttf 
ihock  ;  tin  ae4?ident  which  might  be  serious  in  its  consequences. 

Tti«  hftltery  usctl  ttjr  Vun  Atantta,.  itb  the  tnncbiao  p-lready  notked  {83T),cib- 
br»cet]  oitc  htiudred  jar*,  etch  ihirtecD  inehfls  in  dia.rDet«r  and  two  feet  high.  Tho 
#«>«l*d  jinrfukTi;  wAi  Stc  bandred  andfiflj  aquAre  feet  (firo  and  &  liAirfpct  t«  vKck 
Jilt).  WtiKii  fuUjr  icliArgfrd,  tia  fnrc«!  irruiitiblc.  A  bar  of  «tMl  nido  iachci 
lunp,  h*lf  fto  tui'li  **1d«,  uoe-twelfth  of  lofli  tbick,  wm  nadcnd  poirer- 
ill/  mK£Ti«tie  hy  ibo  discliarf^  A  small  iron  wir»„  twentj-flTfl  fnt  lotTg,  w&s 
•deBAgr»l«il,  and  Tarioui  mwtiib  were  dbtipatcd  and  r»u«d  ia  T»i»or,  wbea 
^l*c«d  in  ib«  circuit  of  diicb*rg«.  A  book  of  200  pages  wu  pierced  by  it,  aad 
blocki  of  bird  wood,  foar  iocbef  iquarc,  rpHt  into  frasmftati. 

6^.  DiaohaxKe  in  cascade. — A  series  of  two  or  three  Leyden  jara 
may  be  placed  horiion tally  upon  insulating  stand*,  so  that  the  interior 
of  eacli  auceeedln^  one  may  receif^e  the  spark  from  the  out«r  coatings 
of  the  one  preceding. 

Tlik  Bi»ilc  of  rharging  cannot  h*  eirri«i«l  tHijrand  two  ttt  tkf««  jara,  owiDf'  to 
tb«  •£cumala(«d  i««bl*fi««  «oop  rUtsling  tl}«  rf.vnlt.  Dut  Mr.  Bafier**  of  i«  n  I  n, 
haj  very  iii|pDiiion»t/  eotJtrirtd  an  tl(N.iric  badcrj.  th*  j»r»of  whicb  at*  tl  -  1 
t^^lber^  but  art  diiH>ltarg«di  con»t^*u!iif<rl_v.  E»eh  jar  is  au}>|jottod  la  a  horii^  oUl 
ftmiiyim  oa  airvrtieal  •piadic,  lUotr  knubc,  mm<i  being  chifgt^  polftthi^  out- 
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ward,  like  the  radii  of  a  circle,  and  when  the  battery  is  to  be  discharged,  the 
knobs,  by  a  quarter  revolution,  are  brooght  opposite,  each  to  the  boUom  of  the 
next  jar.  In  this  way  the  disruptive  power  or  intensity  of  the  spark  is  multi- 
plied as  the  jars,  the  quantitif  remaining  the  same.  Mr.  Boggs  is  said  to  have 
discharged  his  battery  of  twelve  jars  through  a  space  of  three  feet  (Am. 
Jour.  Sci.  [2J  VII.  418.) 

851.  The  universal  discharger. — Varioas  contriTances  are  in  use 
for  regulating  or  measuring  the  discharge  of  the  electric  battery,  and 
the  single  jar.  Of  these,  Ilenley's  6W 

universal  discharger,  fig.  597,  is, 
perhaps,  the  most  useful.  By 
means  of  this  simple  apparatus, 
the  electrical  fluid  may  be  made  to 
pass  through  any  substance  placed 
upon  the  table,  Two  rods,  slid- 
ing in  the  joints  aa^  end  in  balls, 
c  (/f  covering  points  which  can  be 
exposed  by  their  removal.  The  rod,  a'',  connects  with  the  positive  side 
of  the  battery,  for  example,  while  by  the  discharging  rod,  fig.  589, 
communication  can  be  made  at  pleasure  between  a  and  the  negative 
side  of  the  battery,  by  a  chain  or  metallic  thread. 

The  charge  of  the  battery  may  be  prevented  from  passing  a  given  limit,  by 
using  the  discharging  electrometers  of  Lane  or  Cuthbcrtaon,  in  which  a  ball  is 
sustained  at  such  a  distance  from  the  discharging  knob  of  the  battery,  that  when 
its  charge  reaches  the  proper  tension,  it  discharges  itself. 

A  beautiful  illustration  of  the  slow  discharge  of  a  charged  jar  is 
seen  in  fig.  598,  where  a  charged  Leyden  jar,  with  a  small  bell  in 
place  of  the  knob,  is  set  upon  a  board,  598 
near  to  a  little  brass  ball,  hung  from  a 
silken  thread,  upon  a  wire,  carrying  a 
second  bell  in  connection  with  the  earth 
by  A  B.    The  effect  is,  that  the  +  elec- 
tricity of  the  jar  attracts  the  little  ball, 
but  after  striking  the  bell,  the  ball  is  re- 
pelled, until,  coming  in  contact  with  the 
other  bell,  it  is  discharged,  and  so  on  for 
many  hours,  this  little  chime  is  rung  by 
the  electrical  pendulum. 

852.  The  electric  spark.— The  elec- 
tric light  and  spark  result  from  the  re- 
union of  the  two  electricities  in  the  air. 
In  a  vacuum  there  is  no  spark  (fig.  COl). 
The  zigzag  path  of  the  spark  and  of  lightning  is  due  to  the  resistance 
of  the  air.    Every  electrical  discharge  produces  expansion  of  the  air. 
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ftud  Ihe  t%>Tm  mid  goIot  of  ike  §pivrk  ar«  m&teriallj  'mflueoced  tlia 
chemical  oompositton  of  the  g&seoiu  medium  tlirough 
which  it  ]>iUMe«,  The  chArAttcrof  the  sparks  depends  ulm  on  the  form, 
fereta,  &nd  dcctricftl  Intcnskj  of  the  discharging  Burfacca,  likewise  on 
the  kind  of  electricity  on  the  conductnr  in  which  the  spark  originAt^n ; 
Erom  the  negntiTe  cunJuctifr  the  spurks  are  far  \eaa  dense  and  powerful 
than  tho!»e  from  positive  clectrtcitj. 

Kiiiiieimle7*ft  tbensometer,  tg.  k99t  thow*  Uis 
■l^tAtiuit  auil  exjjansion  of  Lbe  air  A^Uowiog  an  •lectfie&l 
si]ilosioo..  A  portiuu  of  wal«r  in  the  l*rg«r  vtm\t  which 
l«  alr-tighl,  commanieBt«a  freelj  with  the  tinmll  open  lube, 
KtlacUed  lu  the  fiMrt,  auil  endiDg  id  a  Dairo*  gl*>^<  lub«, 
Wticn  MIX  clecinfial  dbelii^rge  ukcf  jtlace  through  the  Skp- 
piratiis^  Iho  cotiMKiti«iil  «zpa»ai«a  of  th«  tlrTiolentljr  rai«e« 
tbe  cntama  in  the  imaUer  tube,  hut,  aRvr  Ibe  «aniiiiolLon  if 
otcr,  Ouid  gi-ai]u«Uj  rcgaiof  iU  ortginal  ler«l,  ai  the 
lir  Ui  the  larger  re-tul  'eotjrliu  TAe  efeetrifat  mttrtar  dif> 
bjp  the  force  of  au-  eft{»ii4^  ftt  lh«  JDOtaeiil 

coior  of  tli«  electrical  spark.^ — Faradny 
jbserred  that  in  air,  ojTgpn,  und  dry  chlonthydric 
acid  gttSf  tbe  Ppark  wais  wiiitet  with  a  light  LIuiiih 
Abode,  especiailj  in  air.  In  the  heavy  thunder- 
etoraiQ  commoD  in  an  AraericaQ  summer,  the  light 
of  a  powerful  Banh  of  lightning  ib  diAtinciij  purple, 
and  sooictiniea  TioleL  In  nitrogen  it  ia  blue  or 
purple,  and  girefl  a  remarkable  Eound  ;  in  hydrogen 
it  erinMonf  aud  difappears  vrhen  th^"  goM  h  rare- 
fied; in  carbonic  acid  the  color  is  green,  and  tbe  form  of  9park  very 
irregular;  in  oxjd  of  carbon  it  is  B<imetiines  green  and  aomolime^  red  ; 
m  chlorine  it  la  green, 

Tbe  liUte  apparatus^  Gg,  600,  » 
veil  ealcuUted  io  ib«w  lbc««  cITaetf 
hj  eontrvt  iit  one  riew.  The  ibr«« 
tube«,  d  n'o'V  are  f«a|t«eUre1y  AUnl 
vilb  rarioui  gt«^  and  «««lod.  Eai  b 
lttb«  hfti  two  short  f^arinuni  vim, 
>otU«rcdl  into  iU  tidt-M,  through  wlikb 
Ihe  «l««tn«  «l»»rk  from  i  mn»\  paii 
nu  jli  utmj  to  tbe  k round  hj  f. 

The  electrical  diechafge  in 
a  vacuottt.  become*  an  ovoidiil 
tufl  of  light,  uniting  the  con- 
ductors. The  apparatus,  fig,  001.  It  designed  to  ahow  the«e  eScciit. 
A  large  ogg-«tmped  gliiu  Tei»el  is  mounted  at  the  lower  extremity 
l^itb  ft  itop-oock,  for  attaching  it  to  tbe  air*pumpb  in  order  to  r«* 
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U  hy  ra  por  of 

001 


T 


movo  the  whole  or  a  part  of  the  air,  or  to  replace 
ftlcohol,  ether,  or  any  other  gas  not  lUHing  on 
brass.  By  the  rud,  A,  conaection  Is  cstabUshed 
with  the  electric  fit  machine,  while  the^listaDCQ 
betwecti  thtf  electrlcfil  polc«,  D  C,  maj  be 
ttdjustefl  hy  gliding  the  upper  rod  in  its  air- 
tight socket.  This  appiiratua  ia  called  the 
electrical  or  philosophiiiitl  egg.  The  rarer  the 
Eiir,  the  tnore  globular  liccomes  the  spheroid, 
lUid,  at  the  aaniQ  time,  letis  brtlUant,  The 
QUrorat  tube  ia  only  a  niodificfttioo  of  the  mme 
apparfttua. 

This  appnrutiiB  is  ftlko  nied  wUli  splendid  effect 
Willi  the  [tidueUon  coil. 

Difference  between  tlio  positive  and 
negative  apark. — Tho  tuR  of  light  from 
positive  electricity  is  fur  more  beautiful  than 
that  from  negative,  na  seen  from  ft02 
the  eoils  of  two  poJots.  Thus^ 
while  posit ive  electricity  given  an 
opening  sheaf  of  light,  negfttive 
clectrieity  i^ivca  only  a  small  star, 
fi^.  C02,    In  nirefied  air,  these 
diffbronces  are  niueh  less  ftppa- 
tent.  Fnnulay  siifjgcsts  Ihiit  they  are  due,  chiefly »  \m  ' 
which  offji^atlTe  e^ectrii^-ity  eaeapes  in  iiir,  thftri 
positive,  a3  conductors  negatively  charj*ed,  lose  tlnsir 
excitement  Hooner  than  those  poiitiTeijr  ehnrged, 

The  aiamcnd  jar. — To  show  that  the  coatings  of 
the  jar  convey  the  electrieity  collected  on  the  glnss 
to  the  point  ^'here  it  meets  the  cause  of  disclmrKe,  a 
jar  may  ho  cruitod  T^itli  metal lio  filings,  fig.  (>0;i,  or 
putehos  of  tin 'full,  fig,  604,  cut  in  lozenges  501 
(a  diaraondl  jar).  The  wire  of  the  jar  is 
hont  over,  m  in  fig,        so  as  to  bring  tlje 
ball  near  the  outer  coivlijjg.  which  conneeta 
hy  a  chain  with  the  earth.    When  the  ma- 
chine (on  whoKe  arm  thia  jar  h  hung)  ia 
worM,  a  bnlliant  epark  is  seen  at  inter- 
vals to  dart  from  the  isimb  to  the  outer 
eoatifig,  and  thenco  lo  ppread  in  isigsag 
courses  over  tht*  whulc  surface, 

SQintlljaUng  tube  and  magic  equuea, 
— JEii'ory  coDoction  of  electrical  apparatus  contains  these  fumiUitr  piece* 
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of  jipimraty*,  illustmtire  of  the  phenomena  of  the  electric  ffpark.  Tho 
|tcm(ilIiitiog  tube,  fig,  G05,  like  the  j»r,  fig,  604,  haa  row»  of  loK^oge- 

m 


pieces  of  tio-fuil  pasted  on  its  mterioT,  usual iy  in  a  spiralt  and, 
held  by  the  hatjil,  as  6hown  in  the  figure,  the  electricity  flashes 
ttn  [Hiijttt  to  [loint  at  the  same  apparent  itistantt  producing  a  mmi 
•Iprccable  efiect, 

glaisi  ttn  wbkb  mre  intcmip(4!d  stripa 
of  tin  foit,  cat  to  ref»re«Dt  toiii« 
^ttign^  tn  he  inwio  visible  oalf  tthirn 
K  lipiirk  poflMa.  Tliete  ^qqurcfi  iU« 
tpoaotott  on  a  foot,  in  ccnDDctioti 
with  tbo  earth,  uid  are  cct  n(«iir  the 
liaJl  <if  ibe  priiaii  cuml actor  Bj 
ir«tj;eriDj^  mcctilio  fiUn^a  over  a 
t^wruii^hcd  furfncc  of  glo^^i  tb«  ttM9 
§M«et  u  itroduewl  u  upon  th«  jar, 
fig,  103. 

Effects  of  the  electric 

dJacharge.—The  effects  tif  the 
electric  discharge  are  chiefly, 
l»t,  physiological ;  2d,  physi- 
cal ;  'M,  iiicchariicat ;  4ih,  ehe- 

mkaL  The  passage  of  ttio  electricities  through  b^^iies,  is  sometiinea 
impeded  hy  tlicir  bad  conducting  power,  or  by  want  of  proper  dimeti- 
aitmn  ;  and,  lu  either  case,  a  poirerful  electrio  discharge  niaaifeHta  itself 
ifi  one  nf  (hose  modes. 

S54.  Physiological  elTecta. — These  are  Been  in  the  shock  experi- 
enced hy  all  living  l>ejngti,  in  ihe  passage  of  electricity  through  any 
of  their  members.  Any  aumher  of  persona,  joined  hand  to  hand,  will 
meire,  at  the  smme  inst&nt,  the  shock  of  an  electric  battery*  Abb^ 
Nollet  impnrteil  ic  to  oter  six  hundred  persons  m  his  convent  atone 
time^rhoHC!  In  the  niidile  uf  the  chaiu  being  little  less  aS^ied  thaa 
thtJ)JM3  near  the  conductors. 

A  fHironn  rbargieil  un  tbo  iiifuUtinx  ftwh  frvEt  a  pH^kly  brut  «tii)  gtow  oftba 
»kin,  rt-aulljiij;  in  prrrpirMlinn.    Mali/  Uji«rul  iifi}ilk»UuuA  hire  been  devuHHl  of 
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this  agent  in  medicine.*  It  needs  hardly  to  be  said,  that  the  fall  shock  of  a 
powerful  battery  will  destroy  life  in  man.  Sparks,  fifteen  or  eighteen  inches 
long,  begin  to  be  unsafe,  if  from  large  surfaces.  Small  animals,  as  birds,  are 
easily  killed  by  a  moderate  discharge,  on  the  table  of  the  uniTersal  discharger. 
Fig.  597. 

855.  Inflammation  of  oombnstibles. — Although  no  sense  of  heat 
is  felt  when  the  knuckle  receives  strong  sparks  from  an  active  machine, 
yet  the  smallest  spark  serves  to  inflame  ether,  whether  from  a  Leyden 
jar,  from  the  finger,  or,  more  strikingly,  from  an  icicle  held  in  the 
fingers  of  one  mounted  on  an  insulating 
stool. 

The  ether  is  placed  in  a  metallic  cup,  and  the 
spark  should  be  drawn  on  its  edge  moistened  with 
other,  fig.  607.  Gunpowder  placed  on  the  table 
of  the  universal  discharger,  over  the  pointt  of 
the  rods,  a  a',  fig.  507,  is  simply  thrown  about, 
without  being  fired;  but  if  a  wet  string,  in 
place  of  one  of  the  conducting  wires,  forms  part 
of  the  connection,  its  retarding  power  is  such  as  ; 
to  fire  the  powder.  The  lighting  of  gas  from 
the  finger  of  one  charged  by  running  on  a  ear- 
pot,  has  already  been  mentioned  (840,  (2) )  Lyoopodium,  alcohol,  a  newly 
extinguished  candle,  and  many  other  combustibles,  are  also  easily  inflamed  by 
the  spark.  Gold  leaf  confined  between  two  glass  plates  with  the  edges  hang- 
ing out,  will  burn  with  the  explosion  of  the  glass,  and,  if  held  between  cards, 
will  stain  them  with  purple  oxyd  of  gold.  Silhouette  likenesses  of  Franklin 
are  thus  printed:  a  powerful  current  from  a  battery  is  needed  fur  this. 

856.  Chemical  union  effected  by  electricity. — A  mixture  of 
hydrogen  two  volumes,  and  of  oxygen  one  volume,  or  of  hydrogen  with 
seven  or  eight  timet  its  volume  of  common  air,  is  exploded  by  a  spark 
passing  through  the  containing  vessel,  e.  ff. 
tho  tin  air-pistol,  called  "Volta's  pistol," 
fig.  608,  is  provided  with  an  insulated  con- 
ductor, ending  near  the  inner 
surface  of  tho  pistol  at  B. 
Its  mouth  is  closed  tightly 
by  a  cork,  and  the  spark 
caused  to  pass  by  holding 
it  near  the  prime  conductor, 
fig.  609,  or  to  the  electro- 
phorus.    The  cork  is  then 

violently  expelled,  by  the  expansion  of  steam,  with  a  loud  explosion. 


609 


•  Consult  (Jnrratfs  Electro-physiology,  Boston,  1800,  8to.,  pp.  708;  or  Cban- 
ning's  Medical  Electricity. 
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Volta'a  electrical  lamp.— A  gelf-rcgulftting  hydrogen  apparalUB  la 
rm  In  Is*;.  Oil",  feimUat  in  its  action  to  the  coromw  liy<Jri»g©Ji  lamp, 
rith  pljuiisiuin  frjMinge,  In  its  bajse  drawer 
i'{yct^>j>li»'ru3,  r  P,  ibe  plate,  of 
is  atwa,V9  chiirged.   A  silk  cord 
ittii<«ctii  the  upjter  plmte  P,  with  the  ga« 
Kxk,  R,  ill  ainjh  ft  mxy  that  when  the  gus 
T  is  dr»wD,  the  conjiniiniealion  la  t^f• 
:teii  at  «,  wild  the  insuUt^d  wire,  i^^ 
mil  the  electricity  thus  titida  its  way  m 
Hpnrk  bijtween  the  but  tans  at  O,  Aud 
ipe*  to  the  cat  til  by  f-    Ab  the  hydro* 
18  flowing  at  that  muwcnt  from  the 
(Jet,  it  ia  intlamert,  and  kind  ties  a  littiq: 
eandlii  stiiniding  in  its  path.    Every  tioine 
cwk,  II.  b  moveil,  th*  plate.  P,  rises, 
and  coinmunicatea  a  &park.    With  care, 
Ihls  lusiTrntiieiit  rcniainw  in  acti»tn  for  wecka^  frotri  a,  FJugie  eioitcinent* 
857.  The  m^clianical  eflecta  of  the  electrieal  aiacharge,— Any 
tbin  tiftii-etmducting  Buhsiancc  placed  btitwe*?n  the  balla  of  the  univer- 
pal  dis€htir*^r,  ia  either  pierced  or  broken  where  the  fluid  passes.  The 
phennmeitii  Httenijing  tljc^e  expcrimeDts  are  curious  and  instructiTO  m 
point  of  theory. 

When  a  lii'io  picee  of  r,  U  plaeed  in  th*  posilton  Been  in  flf.  Btl, 

betw<t«n  tilt  pttistfl     tb^  (»»iiduct4r«,  a  6,  a  ittiill  bole  will  be  laad^  Uirnuj^h 
»s  if  with  4  driU,  proride^  Ibe  cflMt  of  tb«  fluid  is  coaccotrtted  by 
filvirtg  ■  drop  of  oil  at  tbe  point  to  bo  pierced.    Tb«  haU  b  eirenlikr,.  starred, 
md  iu  «dgea  smaotb,  and  RonLAiLmes  it  r«m»iB8  Ailed  nitb  tbe  powdered 
jBa<?  dytt,  ewiljr  remored.   It  iw|airei  a  pcmtrfiil  battery  bo  pi^«« 
tlmsii  (}»c-twi:<'tftb  of  an  iovh  thick.  012 
If  A  e«rtl  U  ylwrrvA  in  th«  path  of  tbe  fluid,  it  U  pierced  wllh 
r&i««il         (barf  J  oa  botfa  eidoi  of 
faftltf,    Wbe^n  the  card  ia  plaic«d 
)ib1ii|uelj[-.  IU  iu  fig.  filSf  bulwH&en 

[the  puijitii,  rif,  of  the  induUitrig  holder, 
[ibv  hole  IK  mi¥la  m  th^  place  &t)d  dU 
irertiMii  »«pn  At  o  in  the  g<?tjtin ;  that 
aeanr  tltc  ncifntive  pole.  Ua  «dgos 
[Wing  rai*erl,  *sr  thi' kened,  ft  circmn- 
ttAiic«  due,  pruWbljr,  ui  the  decompo^ 
[•itioQ  of  Ibe  Dcutra]  Ouid  in  lh«  eud, 
loM*a«trmin;£  a  ruvbof  el<?«trirUT  in  buth 
kiiirertious.    TbU  h*»  been  eAte«iiioi  a 

I'fael  laexfjiiciibtc  on  the  tingle  tlaMt  hjpotbc-l»,  vhc  iin-i(ii>n 

jslWftjt  new  to  Ibe  negr^if  e  pntn,  tfidtimtM  lltfit  tb*  noj^iktivc  (liii  1 
Hljr  tbrnatiifh  Unj  air  ihao  the  pwiilve.    Mint  otlicr  t'janif  U" 
60« 
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tare,  or  dispersion  of  non-oondacting  bodies,  maj  be  gathered  from  the  larger 
treatises. 

858.  The  ohemical  effects  of  stfttical  electricity  are  generally  fee- 
ble. Besidea  those  before  alluded  to  (856),  WoUaston,  vrith  very  fine 
points  of  gold  wire  immersed  in  water,  decomposed  water  in  very 
small  quantity.  A  paper  moistened  with  iodid  or  bromid  of  potaasiam, 
is  stained  brown  by  the  electrical  discharge  when  it  is  laid  open  the 
scintillating  square  (fig.  G0&).  Olefiant  gas,  sulphuric  acid,  chlorohy- 
dric  acid,  ammonia,  and  nitrous  oxyd,  are  decomposed  by  the  electric 
discharge,  with  the  separation  of  their  constituent  elements,  and  car- 
bonic acid  is  decomposed  into  oxygen,  and  oxyd  of  carbon.  The  ele- 
ments of  the  air  unite  under  a  prolonged  series  of  sparks  (Priestley), 
to  form  nitric  acid  (GaTcndish),  and  lightning  in  the  atmosphere  forms 
the  same  compound,  as  the  analysis  of  rain-water  has  shown  (Liebig). 
Numerous  other  evidences  of  the  chemical  effects  of  electricity  have 
been  recorded ;  perhaps  the  most  important  of  these,  is  that  atmo- 
spheric effect,  called  <Ku>ne. 

859.  Ozone. — This  term  is  derived  from  the  Greek,  in  allosion  to 
the  peculiar  odur  which  is  always  perceived  after  an  electrical  discharge 
or  excitation  of  a  machine,  and  sometimes  improperly  compared  to  the 
odor  of  sulphur,  which  it  does  not  at  all  resemble.  It  is  due  to  a  re- 
markable state  or  condition  induced  in  oxygen  gas  by  electricity  (and 
by  several  other  causes  also).  Mr.  Schonbein,  of  Basle,  has  devoted 
himself  to  the  study  of  the  curious  properties  of  this  singular  product, 
the  record  of  which  belongs  rather  to  Chemistry  than  to  Physics. 

VI.    ATMOSPHERIC  ELECTRICITY. 

800.  Franklin's  kite. — We  owe  to  Dr.  Franklin  the  demonstration 
that  the  phenomena  of  a  thunder-storm  are  due  to  electricity,  identical 
with  that  excited  in  electrical  experiments.  lie  proposed  two  modes, 
in  1749,  by  which  he  supposed  electricity  might  be  drawn  from  the 
clouds.  Dalibard,  at  his  suggestion,  erected  in  the  open  air  near  Paris, 
in  1752,  a  pointed  and  insulated  iron  rod,  40  feet  long.  On  the  10th 
of  May,  1752,  electrical  sparks  were  obtained  from  this  rod,  with  the 
usual  snapping  sound.  In  June  of  the  same  year,  Franklin,  tired  of 
waiting  for  the  erection  of  a  tall  spire  in  Philadelphia  on  which  to 
place  his  pointed  conductor,  conceived  the  idea  of  reaching  the  higher 
regions  of  the  air  by  a  kite.  This  he  formed  of  a  silk  handkerchief 
stretched  over  two  light  cedar  sticks.  It  had  a  pointed  wire  at  top, 
and  a  silken  cord  insulated  the  hempen  string,  at  the  lower  end  of  which 
he  tied  an  iron  key. 

Watching  the  approach  of  a  thunder-storm,  he  raised  the  kite,  and 
soon  had  the  satisfaction  of  seeing  the  fibres  of  the  hempen  string 
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brbtle  and  repel  each  other,  and  finally  when  the  rain  had  rendered 
the  string  sofficienUy  a  conductor,  he  enjoyed  the  onspeakable  satbfac 
tion  of  seeing  long  electrical  sparks  dart  from  the  iron  key.  Thns  was 
realised  by  actual  experiment  one  of  the  boldest  conceptions  and  most 
interesting  discoTeries  in  the  history  of  science. 

Efforts  bare  been  msde  to  rob  Franklin  of  the  bonor  of  tbis  diBCorery,  but  if 
u  one  tbing  to  anggest  tbat  two  pbenomena  may  be  identical,  and  quite  anotbei 
tbing  to  proTe  iL  Dalibard's  experiments  were  undertaken  at  Franklin's  sug 
gestions  and  bardly  preceded  his  own  in  date. 

These  experiments  were  erery  where  repeated,  and  it  soon  became  erident  tbal 
tbey  were  far  from  being  free  from  danger.  Romas,  in  June,  1753,  daring  a 
Umnder-storm  in  France,  drew  flasbes  of  electrical  fire  ten  feet  long,  from  a  kite 
raised  by  a  string  550  feet  long.  The  experiment  was  accompanied  by  every 
evidence  of  intense  electrical  tension  in  the  attraction  of  straws,  the  sensation 
of  spiders'  webs  orer  Uie  faces  of  tbe  spectators,  and  in  the  load  reports  and 
roaring  sounds,  similar  to  tbe  noise  of  a  large  bellows.  In  August,  1753,  Prof. 
Riebmann,  of  St  Petersbargb,  lost  bis  life  while  engaged  in  similar  experiments. 
Cavallo,  In  London,  in  1777,  obtained  enormous  quantities  of  atmospheric  elec- 
tricity by  an  electrical  kite,  and  noticed  that  it  frequently  changed  its  character 
as  tbe  kite  passed  through  different  layers  of  tbe  air.  In  telegraph  offices  during 
a  thunder-storm,  ririd  sparks,  often  rery  inconvenient  and  not  without  danger, 
are  constantly  flowing  from  tbe  receiving  instruments,  being  induced  on  the 
telepraph  wires  from  the  atmosphere,  during  thunder-storms.  (Henry,  Am. 
Jour.  Sci.  [2]  III.  25.) 

861.  Free  electricity  in  the  atmosphere. — That  the  atm(Mphere, 
besides  the  combined  electricity  proper  to  it,  contains  also  at  all  timcb 
free  electricity,  is  proved  by  raising  an  insulated  conductor  a  few  feet 
into  the  air,  as  by  a  long  fishing-rod,  and  connecting  it  with  the  con- 
denser of  the  electrometer,  the  leaves  of  which  will  diverge  sensibly 
when  there  is  no  sign  of  any  thunder-storm.  Near  the  earth  (say  within 
three  or  four  feet),  no  evidence  of  free  electricity  can  be  detected,  but 
as  we  rise  in  the  air,  its  force  constantly  increases.  Becquerel  and 
Breschet,  sent  up  arrows,  attached  to  a  tinsel  cord  ninety  yards  long, 
from  the  top  of  the  Great  St  Bernard,  while  tbe  other  end  was  con- 
nected with  the  condenser  of  an  electrometer ;  they  found  that  the  gold 
leaves  diverged  in  proportion  as  the  arrow  rose  higher. 

It  appears  from  experiments  like  these  and  others  made  chiefly  by  Ronalds, 
of  Kew,  that  the  atinnrpheric  electricity  increases  and  decreases  daily,  twice  in 
twenty-four  hours,  and  tbe  following  general  results  are  establi»hed. 

1st.  The  electricity  of  the  air  is  always  positive — is  fullest  at  night^ — increases 
after  sunrise— diminishes  towards  noon— increases  again  towards  sunset,  and 
then  derrcii.«es  towards  night,  aAer  which  it  again  increases. 

2d.  The  clvctrical  state  of  the  apparatus  is  disturbed  by  fogs,  rain,  bail,  sleet, 
or  snuw.  It  is  negative  when  these  approach,  and  then  changes  frequently  ta 
positive,  with  subsequent  continued  changes  every  three  or  four  minutes. 

3d.  Clouds  also,  as  they  approach,  disturb  the  apparatus  in  a  similar  way, 
and  produce  sparks  from  the  insulated  eondnetor  in  rapid  succession,  so  that 
an  explosive  stream  of  electricity  rushes  to  tha  receiving  poU,  which  should  be 
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passed  off  to  the  earth.  Similarly  powerful  effects  frequentlj  attend  a  dririag 
fog  and  heavy  rain. 

Crosse,  of  England,  had  over  a  mile  of  insulated  wire  sustained  on  poles  one 
hundred  feet  high  above  the  tall  trees  of  his  park,  connecting  by  pointed  eondue« 
tors  with  bis  laboratory,  where  be  has  frequently  colleeted,  during  a  heavy  fog, 
electricity  enough  to  charge  and  discharge  a  battery  of  fifty  jars,  and  serenty* 
three  square  feet  of  coated  surface,  twenty  times  in  a  minute,  with  a  report  as 
loud  as  that  of  a  cannon. 

Numerous  hypotheses  have  been  put  forward  to  account  for  what  has 
been  considered  the  free  electricity  of  the  atmosphere.  Prof.  Uenry, 
after  an  attentive  study  of  the  whole  sabject,  feels  compelled  to  reject 
them  all  as  insufficient  except  that  of  Peltier,  which  refers  these  pheno- 
mena not  to  the  excitement  of  the  air,  but  to  the  inductive  action  of  the 
earth  on  its  non-conducting  aerial  envelope.  This  view  involves  the 
assumption  that  the  earth  was  in  some  way  primarily  electrified.  It  is 
a  fact  that  the  earth  is  always  in  a  state  of  negative  excitement,  as  was 
shown  by  Volta,  who  for  this  purpose  received  the  spray  from  a  cascade 
on  the  balls  of  a  sensitive  electrometer,  when  the  leaves  diverged  with 
negative  electricity.  (See  an  able  article  on  Atmospheric  Electricity 
by  Prof.  Henry,  Patent  Office  Report,  Agriculture,  1859,  p.  485.) 

The  subject  of  atmospheric  electricity,  especially  the  description  of 
electric  meteors,  is  more  properly  referred  to  Meteorology. 

I  3.  Dynamical  Electricity. 

I.   OALVAXISM  AND  VOLTAlSM. 

862.  Discovery  of  galvanism. — In  1786,  Luigi  Galvani,  professor 
of  unatomy  in  the  University  of  Bulogna,  while  engaged  upon  a  long 
series  of  observations  on  the  effects  of  atmospheric  electricity  upon 
animal  organisms,  noticed  that  the  legs  of  some  frogs,  prepared  for 
experiments,  became  convulsed,  although  dead  and  mutilated — when 
the  vertebrae,  with  portions  of  the  lumbar  nerves,  were  pressed  against 
the  iron  railing  of  the  window  balcony  where  they  613 
were  placed,  awaiting  the  use  for  which  they  had 
been  designed.  Repeating  this  novel  and  curious 
observation  in  various  ways,  he  soon  found  that 
the  convulsions  were  strongest  when  he  made  con- 
nection by  means  of  two  metals  between  the  lumbar 
nerves,  and  the  exterior  muscles  denuded  of  the 
skin,  ns  shown  in  fig.  613,  where  rods  of  copper  and 
zinc,  being  thus  held,  convulse  the  leg  into  the 
position  shown  by  the  dotted  line.  But  contact  of 
metals  with  the  animal  tissues  he  found  not  to  be 
essential  to  produce  these  convulsions,  since  they  occur  also  by  contact 
of  the  exterior  mucous  with  the  interior  nervous  surface. 
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To  repeat  Qalrani'a  experiment,  strip  the  skin  from  the  legs  of  a  vigorous 
frog  and  cut  the  animal  in  two,  an  inch  abore  the  thighs.  Expose  the  lumbar 
nenrea  within  and  on  either  side  of  the  backbone,  by  pushing  aside  the  muscles 
with  the  finger,  so  that  the  point  of  an  arc  of  the  two  metals  may  touch  the 
nerves;  then  bring  the  other  metal  rod  into  contact  with  any  portion  of  the 
outer  surface,  and  strong  twitch  in  gs  will  be  developed  as  if  the  animal  was 
alive,  both  on  touching  and  removing  the  rod,  even  some  hours  after  death. 

The  salvanio  fluid. — Galvani  regarded  the  convulsions  of  the  frog 
aa  excited  by  a  nervoas  or  vital  flaid,  which  passed  from  the  nerves  to 
the  muscles  by  way  of  the  exterior  communication  established  between 
them:  this  fluid,  in  his  view,  existed  in  the  nerves,  it  traversed  the 
metallic  arc,  and  falling  on  the  muscles,  it  contracted  them,  like  the 
electric  discharge. 

Galvani  was  an  anatomist  and  physiologist,  and  not  a  chemist  or  pfayxicist. 
He  did  not  work  out  all  the  teachings  of  his  own  discovery,  being  more  inte- 
rested in  demonstrating,  as  he  did,  the  existence  of  a  tme  animal  electricity, 
developed  between  the  outer  surface  and  the  nerves.  The  physical  braD<;b  of 
the  subject  he  left  to  others,  and  chiefly  to  VoLTii,  devoting  the  few  remaining 
years  of  his  life  to  the  study  of  animal  electricity.  Volta's  doctrines  (jalrani 
never  accepted,  and  died  in  1798,  before  the  Voltaic  Pile  was  given  to  the  world. 
In  the  department  of  vital  electricity,  Galvani's  labors  have  been  Justly  appri;- 
dated  only  in  our  time,  having  been  naturally  eclipsed  in  his  own  by  the  spkndid 
discovery  of  the  Voltaic  Pile,  and  the  crowd  of  wonders  following  in  ils  train. 

The  story  usually  found  in  text  books,  of  the  accidental  discovery,  in  I7V0, 
of  the  new  science  by  the  twitching  of  frogs'  legii,  prepared  for  the  repant  of 
Madam  Galvani,  is  a  fabrication  of  Alibert,  an  Italian  writer  of  no  rupuO: 
Galvani  had  then  been  for  eleven  years  engaged  upon  a  laln^rious  n*fr'u^n  of 
electro-physiological  experiments,  using  frogii*  le;;s  «•  trUrtrotrropft.  No  gr«'nt 
truth  was  ever  discovered  by  accident,  and  years  of  lalKiriuus  renearnb  had  pr<f- 
pared  the  way  for  this  discovery.  It  is  undoubtedly  true  that  what  we  find  is 
often  more  important  than  what  we  seek,  but  it  is  ret^nrrh  and  not  an  iilrtU 
which  makes  the  discovery.  Every  hypothesis  is  good  which  liear*  fruit  In  'Hi- 
covery;  but  to  accept  the  discovery  and  reject  the  hypothesis  when  no  Ionkt 
fruitful,  requires  all  the  self-denial  of  the  highest  philosophy,  and  is  a  noble 
attribute  of  the  greatest  minds. 

863.  Origin  of  Volta's  discovery. — Contact  theory.—AdopliriK 
at  the  outset  with  the  greatest  enthusiasm  the  vitaliitt  \%j\tni\\i*n\n  of 
Qalrani,  Yolta  came,  after  no  long  time,  U>  the  conviction  thni  th«i 
electrical  effects  attributed  by  Galvani  Ui  the  animol  olectririty  of  tint 
frog,  were  really  due  to  the  contact  of  diniiimilar  tulmlanfrii,  nrid  Omt 
the  fnjgs'  limbs  were  only  the  sensitive  clfictroMcopfl,  n<lfipt«!d  U*  indi<  »i4i 
the  electrical  current  develope<l  by  the  two  unlike  inRtfilN.  K»';h  di««'i»- 
verer  saw  but  half  the  truth.  TIhh  originated  his  celebrAMxJ  "  ronhtri 
theory;"  a  view  of  the  source  of  dynamic  elertrioil  *^\*\ 
almost  universal  sway  over  scientific  opinion  until  ipn 
by  the  eUctro-chemical  theory,  which  refers  tliosa  pbfl 
action.  " 
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By  the  use  of  his  condensing  electrometer  (846),  Yolta  sought  to  establish  th« 
contact  theory  by  a  great  number  of  well-devised  experiments.  Being  assured 
of  the  passive  state  of  the  electrometer,  he  established  communication  between 
the  earth  and  the  upper  plate  by  the  moistened  fingers,  while  at  the  same  time 
a  bit  of  zinc  plate  held  also  in  the  moistened  Angers  of  the  other  hand  is  placed 
in  contact  with  the  lower  plate ;  after  a  single  instant,  contact  is  broken,  and 
on  raising  the  upper  plate,  the  gold  leaves  diverge.  Whence  the  electricity? 
Volta  replied,  "  from  the  contact  of  the  two  unlike  substances,"  overlooking  the 
fact  that  there  was  a  chemical  action,  due  to  the  effect  of  the  moist  fingers  on 
the  sine.  As  the  plate  touched  by  the  sine  became  positive,  and  the  copper 
negative,  he  assumed  that  there  was  an  "  electromotive  force"  capable  of  derelop- 
ing  these  electrical  states  in  the  two  metals  as  a  result  of  $impU  contact.  This 
experiment  was  repeated  with  conductors  of  every  sort,  and  always,  when  one 
of  thorn  was  an  alterable  substance,  with  the  same  results.  Ho  divided  con>luet- 
ing  bodies  into  two  classes ;  the  first  class,  including  the  metals,  metallic  ores, 
and  carbon,  he  calls  electromotor*;  the  second  class  contains  liquids,  saline  solu- 
tions, animal  tissues,  ke.  He  found  that  a  double  combination  of  three  elements, 
so  arranged  that  their  order  was  reversed,  neutralized  each  other,  and  produced 
no  spasm  in  tbe  frog's  legs,  which  he  uniformly  used  as  an  electroscope.  This 
was  in  1796,  four  years  in  advance  of  the  date  usually  assigned  as  that  of  the 
invention  of  tbo  Voltaic  pile. 

Passing  over  the  long  controversy  between  Volta  and  his  cotcmporaries,  we 
como  to  the  essential  fundamental  fact  of  Volta's  discovery,  vi?.. :  that  certain 
metaU,  and  particularly  the  oxydizable  metals,  dit^vga^e  eltctricity  and  ckartfM 
the  cuudenter,  when  jtlaced  in  the  conditioua  juat  dctci  ibcd. 

This  discovery  immediately  led  to  the  second,  and  by  far  the  most 
celebrated  of  Volta's  discoveries,  viz.,  the  Voltaic  pile,  or  battery. 

8G4.  Volta's  pile,  or  the  Voltaic  battery. — Every  form  of  appa- 
ratus designed  to  produce  a  current  of  dynamic  electricity  is  called  a 
battery  or  pile.  Volta's  original  apparatus  was,  as  its  name  implies,  a 
pile  of  alternate  silver  and  zinc  disks,  laid  upas  in  fig.  614,  with  disks 
of  paper  or  cloth  between  them,  moistened  with  brine,  or  acid  water. 
This  arrangement  was  more  commonly  made  with  alternate  disks  of 
copper  (C)  and  zinc  (Z),  care  being  taken  always  to  observe  the  order, 
copper — cloth — zinc.  The  terminal  disks  were  provided  with  ears  for 
the  convenient  attachment  of  wires.  Thus  arranged,  the  following 
characteristic  results  are  observed.  1st.  The  pile  being  insulated  by 
glass  or  resin,  touch  Z  with  the  plate  of  the  condenser  (covered  with 
silk),  while  the  finger  rests  on  C,  and  then  apply  the  plate  to  the  con- 
denser ;  the  gold  leaves  will  indicate  strong  vitreous  electricity.  2d. 
Reverse  this  order,  touching  C  with  the  plate  while  the  finger  is  on  Z, 
and  a  strong  charge  of  resinous  electricity  is  received. 

The  pile  may  be  regarded  as  a  Leyden  jar,  or  electrical  battery,  per- 
petually charged,  and  capable  of  re-charging  itself  as  long  as  the  given 
conditions  are  maintained. 

These  results  may  be  repeated  an  indefinite  number  of  times,  aa  long 
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AS  Uift  cloth»  remMn  nobt,  imA  the  iDteDsitj  of  the  action  h  direollj  m 
he  itiiiituljt*r  of  platen  in  the  pile. 
Knelt  ttHu^huijt;  canplel  of  copper  trnd  «inc  may  Ve  soldered  logethef, 
h  til  en  called  a  i^oupU,  pair^  or  mtiaic  <hni€nL    Anj  two  iiietftla 


jlike  properties  niity  be  stjbfrUtuted  ftir  the  611 
tit»c  Aifd  ctippeff  with  iLe  Rftoie  rcsuUs, 

The  end  of  the  pile  whieh  yields  TitreouB 
ete^tricitjf  is  ciille^l  its  positive  pote^  and  th»t 
vhieb  jr'ivltk  reatnous  ciectricitj  is  catted  the 
ne^iw  pole  ;  a  name  nho  ftppiie<i  to  iJie  wires 
eutidiictor»  connecting  the  two  pr>le&« 
Arriin;:ed      in  fig.  CH,  the  pile,  wl»en  its 
>lcs  ore  jmned,  give«  a  decided  Kbock,  similar 
but  ha»  intense  tImOt  that  from.  statlcELl 
(iectricitf.    On  trenkioj;  contact  between  ihe 
'|ioles,  fi  iffilliant  apark  of  voltaic  electricity  in 
and  if  the  wires  end  in  points  of  g«>ld  or 
||)liiiinwtii»  inserted  in  water,  with<mt  mutual 
[«oiit«ct,  a  flow  of  gas  bubbles  from  them,  ftn- 
louncei  the  decomposition  of  the  water.  We 
lUiu9  L'lfttsifj  Ihe  effects  *>f  the  pile  into  phj&io- 
)lo^i£gJ^  ykifnieal^  and  themital  phenomena. 

The  di&eorery  of  the  pile,  Voltn  announced  in 
flfarvb,         lo  Sir  Jut^eph  Banks,  Iboth  in  the 
Mrtn  Junt  dewribed  and  alao  ihe  crown  of  caps 
\CouTonn€  d€M  tas*t»)r  a  series  of  twenty  glosa 
;jblei«  arranged  in  a  circle,  wiib  wire*  oon- 
tiectio^  the  -4-  and  —  elementa  of  eat^b  cup  to 
the  opposite  of  the  next. 
1^    Tbiis  Wt  i«  iho  type  of  alt  modem  bnlteriea 

jVurith  separate  celle.    fie  classified  its  effects,  bat  made  no  tnention 
of  ita  power  of  chemical  decomposition*  a  property  he  had  not  Iheti 
obeyed.   Thta  last  power  waa  immediately  disciovered  by  Kicholjiot] 
and  Cavliale,  in  Lcmdon,  on  the  2d  of  Afay,  ISOO,   Aalde  from  Volt^&'a 
1^  theoretical  notif>n«w  history  will  CTCr  aflsign  him  a  high  phwe  a 
^■-phihiMupber,  and  m,  baring  by  bis  genius  blemed  the  world  by  one  of 
thp  *^rt'ftt*?st  and  mo<*t  fruitful  diaoQTerie«  in  wienciv 
DiaUuctioD  between  Voltalam  and  OalTanlam  — It  will  Ijo  •ecu 
^^that  ValtaistH  and  the  VoUak  pile  are  terms  pniperly  i  t  to 

J^4'tsc^txer\T!t  of  Vylla,  and  that  the  t^rm  gahamf:  Uitlft*^^  lil- 
tani  Dever  havinij  seen  such  an  instrument.  Tho  ton 
j Ufttty  a p|>l ied  to  tt n im at  eJtctrkidt^ p  ni  wm 
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865.  Quantity  and  intensity. — There  is  a  very  marked  difference 

between  the  tension  of  the  electricity  from  the  Voltaic  pile,  and  that  of 
friction.  No  sensation  follows  the  touch  of  either  pole  of  a  Voltaic 
battery  singly :  both  poles  must  be  touched  simultaneously  in  order  to 
perceive  the  shock.  The  projectile  force  in  Voltaic  electricity  is  so 
nearly  null,  that  in  the  most  energetic  and  extensive  series  of  cells,  the 
terminal  points  must  be  brought  indefinitely  near,  or  into  actual  con- 
tact, before  any  current  is  established,  unless  in  vacuo.  The  intensity 
of  the  battery  is  however,  under  some  circumstances,  increased  by  re- 
duplicating the  number  of  couples  of  a  given  size  (see  {  881).  The 
quaniiiy  of  electricity  set  in  motion  in  the  Voltaic  battery  depends  not 
on  the  number  of  the  series,  but  on  the  extent  of  surface  brought  into 
action  in  each  pair,  the  conducting  power  of  the  interposed  liquid,  and 
also  upon  the  external  resistance. 

Tho  views  formerly  expressed  by  most  authors  on  the  subject  of  quantity  and 
intensity  have  been  modified  in  important  respects  by  the  application  of  the 
"  law  of  Ohm;"  for  a  discussion  of  which  compare  g  881. 

8GG.  Simple  Voltaic  couple. — Whenever  two  unlike  substances, 
moistened  by,  or  immersed  in,  an  acid  or  saline  fluid  are  brought  into 
contact,  a  Voltaic  circuit  is  established.  The  earliest  recorded  obser- 
vation on  this  subject  (Sulzer's),  was  the  familiar  experiment  of  a  silver 
and  copper  coin,  or  bit  of  zinc,  placed  on  the  opposite  sides  of  the  tongue, 
and  the  edges  brought  together,  when  a  sharp,  prickly  sensation  and 
twinge  is  felt,  and  if  the  eyes  are  closed,  a  mild  flash  of  light  is  also 
seen.  In  this  case,  the  saliva  is  the  saline  fluid,  exciting  a  Voltaic 
current  duo  to  its  chemical  efiect  on  the  zinc  or  copper ;  and  the  nerves 
of  sense  are  the  electroscope.  The  action  depends  on  contact,  and 
ceases,  or  is  renewed,  as  often  as  this  is  broken  or  made. 

In  fig.  615,  we  have  tho  simplest  form  of  Voltaic  battery,  a  slip  of  amalga- 
mated zinc,  Z,  and  another  of  copper,  C,  immersed  in  a  glass  of  water,  acidulated 
by  sulphuric  acid.    When  these  strips  touch  (either  within  or  gjj 
without  the  fluid),  an  electrical  current  is  set  up,  passing  from 
the  zinc  to  the  copper  in  tho  fluid,  and  from  the  copper  to  tho 
zinc  in  the  air,  as  shown  by  the  arrows.    The  polarity  of  the 
cuds  in  the  air  is  the  reverse  of  that  in  tho  acid,  as  shown  by 
the  signs  plus  and  minus.    This  is  analogous  to  the  decompo- 
sition of  ucutral  electricity  in  a  rod  of  gloss  or  of  wax.  While 
contact  is  maintained,  either  directly  or  by  conducting  wires, 
evidence  of  chemical  action  is  seen  in  the  constant  flow  of  gas 
bubbles  (hydrogen)  from  tho  zinc  to  the  copper,  from  tho  sur- 
face of  which  they  arc  given  off.    This  action  ceases  at  any 
moment  when  contact  ceases,  and  if  tho  separation  of  the  metals  takes  place  in 
tho  dark,  a  minute  spark  is  scon  at  the  moment  of  breaking  contact  in  the  air. 

The  direction  of  the  Voltaic  current  depends  entirely  on  tho  nature 
of  the  chemical  action  producing  it.    Thus  if  in  the  arrangement  just 
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dflseribed,  strong  ammooi*  mter  ra  lued  in  pinee  of  the  dOote  add, 
all  the  electrical  relations  of  the  metab  and  the  flnid  would  be  lereised : 
since  the  action  woold  then  be  on  the  side  of  the  cop^,  and  the  zine 
woold  be  relatirelj  the  electro-negatire  metaL 

8C7.  Xaectro-poaitive  and  electro-negative  are  relatire  terms, 
designed  to  express  the  mntoal  relatioos  of  tvo  or  more  elements  in 
reference  to  each  other.  Thns  zinc,  being  a  metal  Tcry  easilj  acted  oo 
by  all  acid  and  manj  saline  solotioos,  becomes  electro-positiTe  to  what* 
erer  other  element  it  maj  be  associated  vith,  onless,  as  in  the  last 
section,  the  other  element  is  acted  on,  and  the  zinc  is  iMt,  vhen  it 
becomes  electro-negatiTe.  Oxygen  is  an  element  which  acts  upon  erery 
other,  and  is  therelbre  the  type  of  electro-negatiTC  substances ;  gold, 
platinum,  and  silrer,  bong  among  the  least  easily  oxydized  metals, 
become  electro-negatiTe  sobstances  to  all  others  more  easily  acted  on 
than  themselTes,  and  therefore  these  are  fit  sobstances  for  the  negatiye 
element  of  Yoltme  coaples.  In  chemical  works,  tables  will  be  fcMind 
in  which  all  the  elements  are  groaped  in  this  relatire  order  of  eIectio> 
positive  and  electro-negatiTe  power. 

868.  Amalgamation. — CcMnmercial  zinc  is  seldcMO  or  ncTcr  pon^ 
and  the  foreign  sobstances  which  it  contains  are  such  as  to  stand  in  an 
electro-negadre  relation  to  the  zinc.  A  slip  of  common  rolled  zinc, 
immersed  in  dilute  snlpboric  acid,  b  actiTely  corroded  with  the  escape 
of  abandance  of  hydrogen,  while  if  a  strip  of  chemically  pare  zinc  was 
used,  no  action  woald  happen.  (De  la  Rive.)  This  action  of  common 
zinc  is  called  a  local  acfioa,  implying  the  existence  of  as  many  small 
local  Voltaic  circaits  as  there  are  particles  of  foreign  electro-negatire 
sobstances  on  its  surface ;  each  of  which  constitutes,  with  the  contigu- 
ous particles  of  zinc,  a  minute  battery,  and  thus  the  whole  suHace  is 
presently  corroded  and  roaghened,  and  the  power  of  the  whole  couple 
redaced  just  in  proportion  to  the  extent  of  this  local  action. 

Rob  the  freshly  corroded  surface  of  such  a  piece  of  commerdal  cine 
with  a  little  mercury,  when  instantly  it  combines  with  and  brightens 
the  whole  surface,  covering  it  with  a  uniform  coating  of  zine  amalgam. 
This  perfectly  protects  the  zinc  from  local  action  by  corering  op  the 
electro-negative  points,  and  makes  the  whole  surface  of  one  electrical 
name.  Zinc,  thns  amalgamated,  may  be  left  indefinitely  long  in  acid 
water,  without  injary,  and  when  brought  into  contact  with  the  electro- 
Degative  element  of  a  Volka^Jfluj&  it  becomes  a  much  more  energetic 
source  of  electricity  thi 

The  discovery  of  this  f&r  ^^y^Kempt)  is  hardly  less 

important  HgtH^kt^kt/^  ^^tj^miAoat  it,  sustained 
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II.   B-ATTIBIBS  WITH  ONX  FLUID.  * 

869.  Voltaic  batteries  are  constructed  for  use  either  with  one  or 
with  two  fluids. 

The  first  embraces  the  original  crown  of  cnps  (864),  and  all  batteries  with  one 
fluid  and  a  single  cell.  The  batteries  with  two  fluids  and  two  cells,  of  whaterer 
name,  involve  a  donble  chemical  decomposition,  and  are,  hence,  more  eompli- 
cated,  but  also,  generally,  more  efficient;  we  will  consider  these  separately, 
remarking,  that  the  interest  attached  to  the  first  class,  with  a  single  exception, 
is  now  chiefly  historical. 

870.  Trough  batteries. — The  inconTenience  of  Volta's  origmal 
form  of  the  pile,  fig.  614,  led  to  placing  the  elements  in  a  trough,  as 
seen  in  fig.  616,  called,  from  the  ei6 

inventor,  Gruickshank's  trough. 
Each  compound  couple  of  zinc 
and  copper  was  cemented  water 
tight  into  a  groove,  all  the  zincs 
facing  in  one  direction.  The  filling  of  these  cells  with  dilute  acid  was 
a  tedious  operation,  with  extended  series,  and  as  the  zincs  were  not 
amalgamated,  the  best  force  of  the  apparatus  was  spent  before  it  could 
be  filled.  Davy  and  Nicholson  greatly  improved  the  trough  by  attach* 
ing  the  couples  to  a  bar  of  wood 
by  straps,  conm,  as  in  fig.  617, 
and  Dr.  Wollaston  surrounded  each 
zinc,  z,  with  the  copper,  on  both 
sides,  thus  doubling  the  effective 
eurface.  Thus  arranged,  the  whole 
scries  could  be  plunged  at  one 
movement  into  gloss  cells,  a  a,  or 
into  a  porcelain  trough  divided 
into  cells.  The  famous  battery  of  the  London  Royal  Institution,  (first 
used  in  May  or  June,  1810,)  was  a  series  of  2000  couples  of  this  con- 
struction, arranged  in  200  glass  or  porcelain  troughs,  ten  couples  in 
each  trough,  each  plate  having  an  effective  surface  of  twenty-two  square 
inches.  This  battery  was  placed  in  the  vaults  under  the  Royal  Insti- 
tution, where  its  hydrogen  and  acid  vapors  did  not  annoy  the  experi- 
menter, and  its  power  was  led  up  by  conductors  to  the  laboratory  above. 

The  battery  with  which  Davy  made  his  immortal  discovery  of  the 
metallic  bases  of  the  alkalies  (October,  1807),  contained  250  pairs  of 
plates,  made  in  1803.    [See  Am.  Jour.  Sci.  [2],  XXVIII.,  279.] 

Hare's  calorimotor  consisted  of  twenty  plates  each,  of  copper  and  zinc, 
nineteen  inches  square,  and  so  combined  in  a  cubical  box  as  to  form  but  two 
large  elements  of  fifty  square  feet  each,  or  two  hundred  square  feet  of  aotir* 
surface  in  both  members,  all  plunged  by  one  movement  in  a  vat  of  acid. 
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Tbo  d«fla{;:Ffttc»rs  of  Dr,  Bare,  u  originaUy  «oiiitnicte4,  irum  fttvmsi 
vf  itpiinLU  <^r  mj>|>Qr  and  liue,  rolled  wilb  ■  OArrow  tpAco  betifoeu  tliem,  «»d  tb« 
«p]»oxi0g  meiftla  betd  from  contact  hj  maoditu  slrlpa.  Each  line  wm  9  yC  6  ]a., 
kod  oairb  c<»ppor  14  X  B  Id.  ;  ao  tli*t  «ferf  jiArt  of  the  tioc  waa  opposed  Ui  lb« 
ectpi«!ir  Biirfin?«5  e%btr  of  tli«»a  eoiltf  were  so  Hirttigod  qtj  barf  of  wood  u  to 
]»litiigv  by  *a  ttiksf  fuevha-niam  in  to  glue  cjlindors  coo  tain  iag  tbo  ae'nL  Ths 
facility  of  immersion  uid  remoral  O'f  tbese  coilfl  in  contact  of  tbe  uici  liquor, 
XBade  HArti'a  deifliigTitora  u  «Queh  auperiur  ta  the  eurlj  trough  battorics  &j  tba 
ItatlericA  of  tiro  fluid i  olTQ  rap^rior  t«  MhT^t,  In  very  eSlcient  fotm  of  HjireV 
dcaagratorf  tb«  memben  wen  conu«eled:  ia  >  bax,  ati«petid«d,  to  revolve  on  an 
mIc  tiavifif  aaotber  box  plaeed  at  right  angle*  to  tbo  first,  iO  that  a  cfuartcr 
fviroltttion  of  tbe  apparatus  turned  on  or  off  the  tscitiag  add  at  pliubsurc,  wilb- 
ftut  darangisg  the  conu«ctiotL9|  wbiub  were  ^tAblisbisd  through  the  axii  of  rcvo- 

tiOD. 

A  bAiterj  eonetnicted  for  Prof  Sillimao,  in  BoatOA,  m  on  the  plan  of 

If  ollMtun  mtd  Hare  combined^  contAined  niue  huudt«d  couplet  ofcoppar  and  aim 
(KiX^^ia,  e«eli),axpo«inf  IjTe  hundred  and  liz  iqaan  fo«t  of  »viiiUble  »url»i.<fl, 
TTaoged  b  twelve  pnmlM  ««ri«s,  capable  *f  being  uacd  con*eiCtilively  m  nine 
bumlred  eooplei,  or  la  tbi«e  seritia  of  three  hundred  ca«h.  Otio  I'lunge  imoiened 
ifao  whole  battci7,  and  when  thie  instrumeot  wu  new^  Ihe  arch  of  flame  between 
fu  poles  meesored  urer  six  laches^ 

lAr,  Crosse,  ajod  ojfo  Mr.  Giifl^ioit,  buTe  tMi'nfttratted  verj  ei^tonded  scfia  of 
troQgh  batteries  for  pbysiologieal  e;ipcrtiB«ntB  j  tho  former  had  tw<^nt;-four 
huadred  pairs  of  plates,  the  fellji  well  ioaulated ;  tbe  latter  put  up  three  thousand 
fire  Uundred  HAd  twenty  cylindrkel  pairs,  placod  in  eella  of  ruvbbed  ^t«t 
twd  iniulnted  by  glau  pillM  Tambbcd.  The  battcricB  were  cxdtcd  bj  water 
eftlj>  Except  for  the  purposes  of  low  intensity  and  lung-cuuUitutid  aqUod^  bat- 
(eriei  of  tbii  de«crlpti(>n  are  now  no  longer  eonstructeiL 

The  wnnt  (>f  »UAUincd  and  regular  actwa  in  all  bntiiirici  of  tUo  original  form, 
bu  led  to  tbo  coutr^vsac-e  of  other  end  more  iciecUiic  batleriov;;  sipjxtc  of  fbo 
QOft  raluablo  of  which  we  will  now  deiicribii. 

Smee'n  batteiy  is  formed  of  silver  and  anmgalmated  Etnc,  ami 
titiisdn  but  on«  cf^ll  and  octe  fluid  to  excite  it.  Tbe 
•ilrer  plat«,  S,  fig.  618,  ia  prepared  by  waahlog  in 
itri«  acul  to  rougli«ii  It,  and  then  coatinj;^  lU  surface 
with  platinum,  throvm  down  on  it  by  a  voltaio  cur- 
jreot,  in  that  stata  of  fine  diviflioa,  known  as  plati- 
pitin'bliiek.    This  is  to  preveot  the  adhesion  of  the 
llbemled  h^drogeoi  to  the  polished  e Mirer.   Any  sur- 
lace  of  poUibed  metal  retaitis  a  film  of  gas  with 
~'tigalar  obttinAcy,  thtia  preventing,  in  a  measure, 
le  contiu^t  between  tbe  fluid  and  tbo  plate,  Tbe 
uugbenotJl  tfurface  prwluced  from  the  deposit  of  f^lu* 
Inum-bliwk,  entirely  prevents  this.  The  line  plates, 

in  thi*i  buttery,  ate  well  amftlgftinfttt-'d,  and  fuL-e  hyih  ^de-i  tif  the 
ker.  The  three  plates  are  lield  in  poeittuci  by  a  ckifiip,  6,  at  lop, 
bile  the  interposition  of  a  bar  of  dry  wood,  ir,  prevents  tlie  passage 


576 


PHTblCS  or  IMPONDERABLE  AGENTS. 


of  a  current  from  plate  to  plate.  Water  acidulated  with  ODe-sereDth 
its  bulk  of  oil  of  vitriol,  or,  for  less  activitj,  with  one-sixteenth,  is  the 
exciting  fluid. 

The  surface  of  the  negative  plate  is  kept  clean  in  daily  use  by  occar 
Bional  immersion  in  chlorid  of  iron,  which  removes  all  Toreign  substances 
deposited  on  it.  For  large  sized  batteries,  the  silver  plates  are  made  by 
electro-casting,  to  secure  entirely  plane  surfaces.  (Mathiot.) 

The  quantity  of  electricity  excited  in  this  battery  is  rery  great,  but  the  inten- 
sity  is  not  so  great  as  in  the  compound  batteries  presently  to  be  described.  This 
battery  is  nearly  constant,  does  not  act  until  the  poles  are  joined,  and,  without 
any  attention,  will  maintain  a  uniform  flow  of  power  for  days  together.  A  thick 
plate  of  lead,  well  silvered,  and  then  coated  with  platinum-black,  will  answer 
equally  well,  and,  indeed,  better  than  a  thin  plate  of  pure  silver.  This  battery 
is  recommended  over  every  other  for  the  student,  as  comprising  the  great  requi- 
sites of  cheapness,  simplicity,  and  constancy.  This  is  the  battery  generally 
employed  in  electro-metallurgy.  Chester  has  patented  an  improved  form  of  this 
battery,  much  used  by  the  telegraph  companies.  It  is  the  only  single  fluid  bat' 
tery  now  much  used  in  physical  experiments. 

Mathiot  has  described  the  form  of  Smoo's  batteries  used  in  the  large  electro- 
typing  operations  of  the  United  States  Coast  Surrey  Office.  See  Am.  Jour. 
Sci.  [2],  XV.,  303. 

872.  The  sulphate  of  copper  battery  is  designed  to 
use  a  solution  of  sulphate  of  copper  in  dilute  sulphuric 
acid,  the  copper  clement  being  made  to  contain  the  ex- 
citing fluid.  This  battery,  fig.  G19,  is  used  for  electro- 
magnetic experiments,  and  although,  it  soon  becomes 
encumbered  with  a  pulp  of  metallic  copper  thrown 
down  on  the  zinc,  its  cheapness  and  constancy  will  always  render  it  a 
valuable  instrument. 

III.    DRT  PILES. 

873.  Dry  piles  of  Zambonl  and  DeLuc. — These  piles  are  con- 
structed of  disks  of  metallic  paper,  as  of  copper  and  zinc  (called  gold 
and  silver  papers),  placed  back  to  back,  and  alternating,  as  in  the  pile 
of  Volta,  fig.  614,  all  the  coppers  facing  in  one  direction.  Some- 
times zinc  paper  gilded  on  one  side;  or  zinc  paper  smeared  with 
black  oxyd  of  manganese  and  honey  on  the  other  side,  is  used, 
and  with  more  marked  cfi^ccts.  Some  hundreds,  and  even  thousands 
of  these  disks,  as  large  as  a  quarter  dollar,  are  crowded  into  a  glass 
tube,  just  large  enough  to  receive  them,  varnished  within  and  without. 
Screw  caps  of  metal  compress  and  retain  the  disks,  forming  at  the  same 
time  metallic  connections  with  the  outer  pairs  to  propagate  the  electri- 
cal efl'ect.   A  feeble  currenfeis  thus  set  up,  which  may  last  for  yean; 
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If  the  pnpcr  hna  been  atiifieiaUy  dried^  so  aa  to  trm  it  from  all 
ibsurbed  mtjUturef  do  current  exists. 

(1912)'.  amd  £«Lne  (I&IO),  who  fkest  constructed  pit«a 


Bf  thin         mmntgtid  tbam  lu  pnhi  to  ring  Mlt  hj  tbo  vlhm- 
an  i>f  »  jitnjill  ck'ctric  pendulum  {fig.  598),  altcrDAtel;  &ttriie(ctl 
np'ctleil  l*utw<M![i  iiie  {iulumna,  wbicti  sro  in  tho  c<iaiitiloii  of 
:tii4lly'«-hargcd  L^ydsn  jar  of  low  tensioD.   A  set  of  tlio«e 
nuig  ta  Vaiti  College  Ubor&Lory  for  i'u  Qf  eiglit  yuajM 

Bolinenberger'a  electtOQOOpe  u  isooitraoted  on  tbla 

*Qcip!c    B  II  ud  C;,  fi^.  02n^  iiFti  tht!  poloB  of  tw!>  drj  pUc^^  bc- 
wbirb  huiij^fl  a  itingle  ^old  leaf,  eadiDg  in  the  knub,  P. 
ui^  ft'eblf  etcolric  b<idjr  i«  up|iruucbed  to  D,  the  gold  leaf 
d(^«lar«I  tin  olcciriL-»t  aAme,  by  litHiu^  ftitrti«i-<t4^tl  to  iu 
ite,    Tbb  is  utidoubt«dl;  ooo  of  tbc  moat  deticiito  electroacopu  ktiowu. 

IV4    BATTERIES  WITH  TWO  FLDIDa* 

874.  DanieirB  constant  battery. — Thia  trulj  pbiloeophical  iastru- 
cot  wa«  invented  in  183ii ;  up  to  wliieb  time  the  improremoDts  in  the 
'Iginal  Vultaia  pile  had  hceu  only  mechunical.    Prof,  J.  F.  Duniellj 
London,  first  discovered  and  applied  an  oflectutil  meana  of  preaerTing 
t  power  &nd  continuin^T  the  acLioa  of  tho  apparatus  for  a  length  of 
All  other  batteries  with  two  fluids  ore  m\j  modificatiotis  of  hia 
(trij^nal  inatruoienit. 

It  e-onjifti  of  nn  exterior  clrcalax  cell  of  eopp€f,  C,  flg>  631, 
^vhleh  ierriM  botb  aa  m  containing  TeRHiil  ud  U  m  ncgntivo  vie- 
BOt;  »  porouf  cjlindri«A]  oitp  of  earthenirar«,  P  (or  Lbt;  gullob 
of  an  ox  tied  ioto  a  b«g]^  li  ploml  within  the  cwppcr  pell,  aitd  a 
■olid  cjlioder  of  Ant^gkm&tQd  lioc^  Z,  withia  tbo  potoui  cup. 
Tbe  otit«r        C,  la  cbarged  by  a  miiLuro  of  vi^ht  parts  of  wator 
nd  tine  of  uil  of  vitriol,  saturukMl  trilb  blucn  vitrJu]  (sulpbatv  af 
ppte).    Sooio  of  tbo  eolid  eulphnto  is  ateo  au^pcitiJed  on  n  por- 
riit«d  ebdf,  or  In  »  gftunv  bg,g,  to  koep  up  the  aaturatlom  Thv 
our  fell  is  Qtlcd  with  thn  aacDC  utd  wat«r;  but  trithout  the  cop- 
per f nit.  For  tb«  modt  eon » tan  1  r«au]t4,  he  used  i-  aatnratcd  solu- 
U»a  uf  hluti  vitjriol,  mjule  tilightljr  acid  for  tbo  outer  cell,  aud  for 
tine,  |tr«atj  p«Jt«  w*l«r  to  one  of  sulpbarifl  teld.    Ctght  or 
ten  bonri  it  nbout  the  limit  of  ita  conttaai^y.   Any  number  of 
(Bklla  to  aiTAngifd  am  eaaily  etmnoeted  together  by  bijidiog  scr&ws, 
Ute  C  of  on«  pair  to  Lho  3&  of  th«  next,  and  io  oo. 

i  The  h}'(lro{s^*n  from  the  deeonip^Sfd  water  in  this  instrument  U  mi 
Lgivcn  ufT  iti  babbles  on  liie  copper  vide,  as  it  h  m  all  fi*rrnH  of  the 
finmpk  circuit  of  xinc  mid  copper:  but  the  (tulphate  of  eupjfcr  there 
present  la  decompoiwd  in  the  circuit,  atom  for  utnin,  with  the  deLumi* 
potted  water*  and  the  hydrogen  takca  the  atom  of  ox  yd  of  eoppcr, 
ippropfiattug  iln  oxygen  to  fnriti  water  again,  while  mctalHc  txipper  U 
depoffited  on  the  outer  eelh  If  the  r.tnc  h  well  ajnalgninaled,  nof 
61* 
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of  any  sort  results  in  this  battery  until  the  poles  are  joined,  and  it  givef 
off  no  fumes.  Ten  or  twelve  such  cells  form  a  very  active,  constant, 
and  economicul  battery,  and  twenty  or  thirty  are  ample  for  moefe  usee. 
Hot  solutions  increase  its  power,  while  the  extent  of  sine  surface,  and 
not  the  diameter  of  the  copper,  limits  the  amount  of  electrical  effect. 

875.  Grove's  nitric  acid  battery. — Mr.  Grove,  of  London,  has 
successfully  applied  the  principle  of  Danieirs  battery,  to  produce  the 
most  powerful  and  intense  sustaining  battery 
known.  The  fluids  used  are  strong  nitric  acid 
and  dilute  sulphuric  acid,  kept  apart  by  a 
porous  jar.  The  metals  are  amal' 
gamated  zinc,  placed  in  the  sul- 
phuric acid  of  the  outer  vessel, 
and  platinum  in  the  porous  vessel 


fig.  623  shows  this  arrangement 
complete,  while  the  platinum  ele- 
ment, P,  is  seen  isolated  in  fig.  C22.  p  I 
The  cover,  c,  upon  the  vase,  V,  fig. 
623,  tends  to  keep  down  the  strong 
vapors  of  nitrous  acid  evolved 
when  the  battery  is  in  action. 
The  binding  screws,  ab,  serve  to 
unite  the  elements  of  separate  pairs.  The  zinc  here  surrounds  the 
platinum,  because  both  that  metal  and  the  nitric  acid  are  to  be  econo- 
mized as  much  as  possible,  being  the  costly  parts  of  the  arrangement. 
From  six  to  ten  parts  of  water  are  used  in  A,  to  one  of  acid. 

The  action  of  this  battery  is  intense  and  splendid.  The  hydrogen  is 
immediately  engaged  by  the  nitric  acid,  which  it  decomposes  very 
readily.  There  is  therefore  a  double  chemical  action,  and  an  increased 
flow  of  electricity,  since  no  part  of  the  power  is  lost  in  combination. 
The  fumes  of  nitrous  acid  are  partly  absorbed  by  the  nitric  acid, 
turning  it  at  last  intensely  green  ;  but  enough  are  evolved  to  render  it 
important  to  set  the  apparatus  in  a  clear  space,  or  good  draught.  Four 
cells,  with  platinum  three  inches  long  by  half  inch  wide,  decompose 
water  ropidly ;  and  twenty  such  cells  form  a  battery  giving  intense 
effects  of  light. 

Plntinum,  in  tho  nitric  acid  battery,  is  estimnted  as  sixteen  or  eighteen  times 
more  powerful  than  copper  in  DftnicH'a  battery  ;  that  is,  eix  ^qnare  inehcs  of 
platinum  is  as  cfRcaciuus  as  one  hundred  square  inches  of  cnpjjcr  ;  and  Pe^chel 
found  that  three  hundred  and  forty  times  as  much  surface  of  copper  was  needed 
in  H  spiral  battery  on  Hare's  construction,  ats  of  platinum  in  Uroru's,  to  insure 
equal  efft'cts". 

A  Grove's  battery,  constructed  by  Jacobi,  of  St.  Pctersburgh.  contains  sizlj- 
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lAttaaoi  p1at»»ciLcb  tliirty-fllx  sqiia.ro  iDcfacs  snrfaco.  or  combined^  Blxtccn 
focL    Tliia  ir<»<l1(l  \tCt  hy  comparison,  equal  to  a  Bantcirf  battery  of  two 
UnttrGd  and  ftUtj^^six  eqnara  feoL,  or  a  b&ttorjr  of  s.houl  flva  lbaut(»»(l 

fir*  hundred  squoro  fct«t.  CJro?e*«  batltry  is  mihcr  costly,  aad  rtry  (rouble- 
immc  ta  manage,  ma  are  all  bttteries  triLh  double  cclln  ftod  poroni  owp«,  attboagb 
the  truuble  ioroIvL^d  la  ibcir  use  is  not  to  be  compared  with  tbu  vexation  inrulvqd 
in  tbo  earlier  single  tin'id  batte-riei, 

8TG.  Carbon  battery,— The  great  cost  of  large  mctnbere  and  ext^n- 
iive  tteriGS  of  GroFCf'fl  platinum  battCTTT,  Jed 
Prof.  Bun  sen,  of  Marburg,  to  11  ae  the  ciirbon 
vf  gas  ctike  as  a  ^abstUute  fur  the  platinum, 
Prof«  Siillman^  Jr.,  in  }842,  described  % 
bttterj  (see*  Am.  Jour,  SuL  (1]*  XLIII., 
393.  ftnti  XLIV.,  IgO),  in  which  natural 
plumbago  usied  in  place  of  the  plnti' 
tiutn  of  tirovc'fl  arrangement.  This  was 
before  Bunsen'a  apparatus  was  known  of 
in  thiB  countrj. 

Pig.  A24  *ho*ri  the  original  form  of  BiitvAeti's 
Qilli^  Whore  tbe  carbotir  C>  is  Cdntalnod  id  an 
cxt*ri<9r  rose,  V,  of  alirW  acid,  tb«  tUA&Igamatod 
Kiae  l»  ia  a  purona  cup^  P,  of  dilnle  ■ulphurtc 
ftc^td.  Tlie  objection  tii  tbii  arrangement  ia  Ibe 
largv  ciiiii(<ttm|itiua  of  niirie  meid  and  fliiL4llDei« 
of  tite  tine,  la  the  AuLbur'«  plan,  alt«rward«  adf^pt^d  ctfCQlioll;  hf  M.  BeleiiiT, 
tbe  eArb«Q  wai  in  tbe  |»oroiiB  eupj  lurronnd&d  hy  the  liee.  In  flg.  ^25,  this 
fi25  C3fl 


MtWigemcnt  if  Abf»wii  In  detail,  P,  ti  tbe  piTe  romplete.  F,  |g  ibe  Jar  of  bard 
poUerj  lo  eontatn  tbe  tlrm,  7,,  and  the  dilulo  rulpburie  t^tid ;  V  11  tU«  pomua 
vitM*.,  (o  rnntalti  the  nirbu&,  witli  lla  nitrie  arid,  Tbts  altOfbiuent  of  a  eun- 
dturtor  to  Ibe  rftrbuu  b  arcumpliHbed  Itj  a  iroEiiral  bile  in  the  fcntre,  into  wHlp h 
«  plug  of  hnmmefcHi  pojippr  i*  f^fwwdtfd  witb  a  wreoebinif  tn^ilan,  It  pri«mM  of 
Vh*i  bikrd  rarb*»i»  (if  tbtt  ntt'trt*  are  u»til  (Mid  thi?  k(t»d  of  e»rhnT)  it  nnqueao 
tioaabljr  the  best),  a  cojiper  bnml  in  uttat^bed  In  itie  elcvlrti-gul viinir  koI- 

dfrinff.  Tbe  t«»rhr>tj  nf  Bunjit^u's  relis  S*  prcpnrtd  by  f iilr<?rUiii^,  and  baking 
ia  lauuhla,  tbt'  lukB  itf  bituminouii  coal.  Fif?.  ft'2fl  »buw«  *  (Msrin*  ttf  len  rnpM  of 
tbe  carbon  bntt^^ry  arrirfj^rd  tut  mhv,  the  aIteruA|^Utth|^^bc'mf  jtutif^d  by 
binding  -rr^wt,  aji  made  by  Di'K'uil,  ufForii*,  e»nb  l^^^^^%«nl ^■  tw..  r.  titi^ 
m«tre»  (tii^bt  and  Ihret-ff uurtvr  itif  bvn)  Vi^^b.    At  tk  ivfiMMr;ri  •>( 
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adrantages.  The  Author  demonstrated,  in  1842  {toe.  cit.),  that  carbon  wai 
nearly  if  not  quite  as  good  as  platinum,  surface  for  surface.  A  battery  of  fifty 
cells,  like  fig.  626,  costs  fifty-fire  dollars  in  Paris,  and,  with  such  a  series,  all  the 
most  splendid  efiiects  of  the  electric  light,  deflagrations,  and  chemical  decompo- 
sitions can  be  very  satisfactorily  shown. 

877.  Other  forms  of  Voltaic  battery  exiat  in  great  variety,  but 
inyolving  no  principle  not  already  explained.  Some  have  Bpecial  adap- 
tation  to  a  particular  use,  like  Chester's  form  of  Smee'a  battery  for 
telegraphic  use ;  Farmer's  copper  battery ;  the  battery  of  Bagration, 
of  zino  and  copper  in  moist  earth ;  or  Grove's  oxygen  and  hydrogen 
gas  battery,  so  instruotive  theoretically.  But  further  descriptions  are 
excluded  by  want  of  space. 

y.    POLARITY,  BETARDINO  POWER,  AND  NOMENCLATURE  OF  THE  VOLTAIC 

PILE. 

878.  Polaxity  of  the  compound  circuit. — In  batteries  of  two  or 
more  couples,  connection  is  formed,  not  as  in  the  single  couple,  between 
members  of  the  same  cell,  but  between  those  of  different  names  in  con- 
tiguous cells,  OS  in  fig.  627,  where  the  copper  of  1  joins  the  zinc  of  2, 
and  so  on.  The  current  flows  from  the  zinc  to  the  copper  in  the  fluid, 
but  from  the  copper  to  the  zinc  in  the  air  (fig.  C28),  both  in  simple  and 

627 

628 
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compound  circuits.  This  is  important  to  bo  remembered,  since  the 
zinc  is  called  the  electro-positive  element  of  the  series,  although  out  of 
the  fluid  it  is  negative.  Consequently,  in  vultaic  decompositions,  the 
element  which  goes  to  the  zinc  pole  is  called  the  eleciro-positivt,  and, 
for  the  same  reason,  that  which  goes  to  the  copper,  is  the  electro-nega- 
tive element.  The  terminal  plates,  Z  and  C,  in  1  and  5,  fig.  627,  are 
not  concerned  in  the  electrical 
effect,  being  in  fact  only  conduc- 
tors of  the  electricity,  and  hence 
they  may  be  removed  as  in  fig. 
628,  without  altering  the  power  or 
nature  of  the  battery.    They  serve, 

in  fact,  merely  as  a  convenient  mode '      r       2  s  1  6 

of  joining  the  poles,  as  in  fig.  629.  The  apparent  polarity  of  the  simple 
circuit  is,  therefore,  the  reverse  of  that  of  the  compound  circuit ;  but, 
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an  AttcDtire  obserratioti  of  these  expIanatioDB,  nnd  of  tbo  figutea,  wUl 
prevcot  all  Cionfasiod  od  this  point. 

870.  Oronpiug  Uie  eiements  of  a  pllo,  In  rorloug  numerical  relm- 
tions,  IB  ati  iiuportant  means  of  modlfjtag  its  power,  and  the  chanw3t«r 
of  iu  effects,  already  eiplnined. 

Tftkt.  for  «xiuiipK  ixz  cdps,  A«  in  fij^,  63  0,  vnuigcd  la  «>oajeoottT«  orderi  md 
w*  owing  %o  tbc  re^sif  Uatw  to  llie  cJws- 
tH£  flow,  Uie  DtaiiiBunii  iDtensi!  affect*  poa- 
ciblo  with  fluch  n amber.  Cbanged  to  two 
fronpt  of  tbnj«»e&eh,  t]b«  quantity  \i  doMcif 
wtUi  ttHJf  of  iha  inteniity,  ttg.  Grll.  In  tig. 
6^3^  an  tbnm  gToap5  of  two  eupi  eaieb,  »<i 
arrwigfitl  u  lo  pretent  thr^Q  timef  Ibe  mr- 
fitM  is  6>30,  with  »  proportiDnnte  1q«b  of  io^ 
tmtlty,  LiMtij',  is  Hg.  633,  each  tmc,  imd 
u^h  «opper,  joins  one  comiBt>D  conductor, 
vacb  on  iL»  uwn  «itle,  (.browiog  the  «x 
cou|ileSfl  into  nm  turfw^o  of  ftx-fold  extent 
to  ft^.  430.  Tbu  arraogeiacut  maf  be  ex- 
pr«i*ed,  afeamlng  iba  rcsijtanc«  of  a  tingH 
eopa*  amUj^thna;  1.  |  ^  1*^,  |  =  0-6&r>, 
I  M  iiOd  so  fur  any  nmiibcr  (^fcGtipli-ji, 

880.  Electrical  letaiding  pawei 
of  tile  battery. — Obm'«  law.— A  cer- 
tain resistance  to  tbo  pi^ssa^e  of  o  Toltalc  current  in  offered  hy 
everj  adiiltional  cleoient  placed  in  the  circuit  aa  well  bj  increaaed 
length  of  conductor.  The  new  properti^a  thus  acquired  by  the  com' 
pound  circuit  hare  been  alreadj  alluded  to  (S03). 

Ohm,  of  Berlin,  ia  1827,  first  demonstrated  mathematicfiny  the  law 
regulating  the  flow  of  electricity  in  the  compound  battery.  Aa  the  ap- 
p&ratoB  IB  composed  w>lely  of  conductor*  of  diflerent  retarding  power, 
tlifl  electric  current  must  proceed,  not  only  along  the  ctinnectiug  wire, 
Ihim  pole  to  pole,  but  al»o  through  tlio  whole  opparatu? ;  the  resbtaoce 
oO^BTdd  to  the  passage  of  the  current  conaijiti  tberefi^re  of  two  parts,  one 
exterior  to^  and  one  within,  the  tippanitus. 

tbe  ring',  niic,in  fi(f.  fl.'U,  ri'pr«vetit  a.  !i«mog«iiedui  coaduclor,  md  Jet  a 
tntifce  of  olcclricity  exijt  ftt  A-  FPom  thia  souri^e  (bo  etoctfieUj  will  difftiso 
itself  over  botb  liwUei  of  ibu  riog,  tbo  positive  [lOJeing  in  lhi» 
dinx'tion  n,  tbo  nc^tivv  in  nnii  butb  fluids  tueelio^  Mt  tr.  H<tw 
It  fo1!«wa,  if  tbe  nug  la  lK>mii;j«jnt  oiis,  ibai  enMal  tjuanliitbi  uf 
elcetriciiy  piwi  tbrcui^lii  all  tectiou*  of  the  ring  in  tb*  •unift  (ime. 
AttatnlBg  tbat  (be  paititge  n(  iUo  fluid  fruiu  oyO  croft  f«t'liwu  dC 
the  rid^  le  aituibcr.  is  due  l<a  the  diQlTcncc  uf  elcctrkuL  t<.<n:§t>m  At 
th«»o  p*.>int4.  antl  Uiat  tb«  quaniiiy  wbicb  piu«e9  is  jtto^miumni 
to  tbi«  diS«reim  iff  letmioti,  lb«  contiequ^neb  ic,  Ibul  the  Ltv»  Ouh^ 
jkMeeedinf  from  A,  mtuit  dMtvaae  ta  teatian  the  farbber  tbcy  t* 
•tarting  poiat, 

Tbii  dcHrreasliiK  teuiion  maj  be  rDprcKcnled  hj  a  dia^nm,  ^ 
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in  fig.  635,  to  be  stretched  out  to  the  line  A  A'.  Let  the  ordinate  A  B  represent  the 
tension  of  positire  electricity  »t  A,  and  A'  B'  the  nega-  635 
tive  tension  at  A',  then  the  line  B  B'  will  express  the 
tension  for  all  parts  of  the  circuit  hj  the  varying  lengths 
of  tho  ordinates  A  B,  A'  B',  at  erery  point  of  A  e  or  c  A'. 
E 

Hence  Ohm's  formala  F  =  — ,  where  F  represents  the 
R 

strength  of  the  carrent,  E  the  electro-motiTe  force  of 
the  battery,  or  the  attraction  of  zinc  for  oxygen,  and  R 
the  resistance.  Therefore,  the  greater  the  length  of  the  circuit,  the  less  will  be 
the  amount  of  electricity  which  passes  through  any  cross  section  in  a  giren  time. 
In  exact  terms,  this  law  states  that  tkt  ttrength  of  ikt  current  t«  interaeljf  propor- 
tional  to  the  remittance  of  the  circuit,  and  directly  at  the  electro-motive  force. 

In  tho  simi^lost  Voltaic  current,  we  have  not  a  homogeneous  conductor, 
but  sereral  of  various  powers.  To  illustrate  this,  let  the  conductor,  A  A\  fig. 
636,  consist  of  two  portions  having  difierent  cross  sec-  ^  _  636 
Uons.  For  example,  let  the  cross  section  A  (f  be  n 
times  that  of  d  K' ;  then,  if  equal  quantities  pass 
through  all  sections  in  equal  times,  and  if  through  a 
given  length  of  the  thicker  wire  no  more  fluid  passes 
than  through  the  thinner  wire,  the  difference  of  tension 
at  both  ends  of  this  unit  of  length  of  the  thicker  wire 
1 

must  be  only  -th  of  what  it  is  in  the  latter.    Thus,  « the  electric  fall,"  as  Ohm 
n 

calls  it,  will  be  less  in  the  case  of  the  thick  wire  than  of  tho  thinner,  as  shown 
by  the  line  B  c  in  the  figure.  Tlie  result  is  expressed  in  the  law  that  tho  "  eUetrie 
fall"  it  directly  at  the  tpecijic  retintancet  of  the  conductom,  and  inrertely  at  their 
crott  tectiont.  Hence,  the  greater  the  resistance  offered  by  tho  conductor,  the 
greater  the  fall.  The  very  simplest  circuit  must  therefore  present  a  scries  of 
gradients  expressive  of  the  tension  of  its  various  points — as  one  for  the  con- 
necting wire,  one  for  the  zinc,  one  for  the  fluid,  and  one  for  tho  copper.  The 
electro-motive  force  of  a  voltaic  couple  ("E"  of  Ohm's  formula)  may  bo  experi- 
mentally determined,  and  is  proportional  to  the  electric  tension  at  the  ends  of 
the  nowly  broken  circuit. 

881.  Formulae  of  electric  piles. — It  follows,  from  what  has  been 
stated,  that  the  intensity,  1,  of  a  current,  united  by  a  homogenoous 
wire  whoso  length  is  L,  may  be  represented  by  tho  formula 

L+r- 

in  which  r  designates  a  length  of  wire  representing  the  resistance  of 
tho  pile  or  its  reduced  lent/th,  and  E  the  electro-motive  force  measured 
by  the  tension  at  tho  poles  when  the  circuit  is  broken. 

If  tho  resistance  of  the  pile  is  nothing,  or  an  insensible  quantity,  as 
in  the  case  of  a  thermo-eleotric  couple  of  great  surface,  the  formula 
E 

becomes  J  =  — .   That  is,  the  intensity  of  the  current  is  in  the  inverse 
atio  of  the  length  of  the  homogeneous  wire  joining  the  polea  of  the 
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battery.  If,  however,  the  pile  itself  offers  sensible  resistance,  as  is  the 
case  with  hydro-eleotrio  piles  composed  of  many  couples,  the  formula 
shows  that  the  inUruity  of  the  current  ia  in  the  inverse  ratio  of  the  length 
of  the  connecting  toire  increased  by  a  constant  quantUy^  r,  which  repre- 
sents the  resistance  of  the  pile  itself. 

In  the  case  of  many  different  sources  of  resistance,  interposed  in  the 
circuit  of  the  connecting  wire,  L  represents  the  sum  of  the  reduced 
lengths  equivalent  to  these  resistances. 

E 

Intensity  given  by  many  oonples. — ^In  the  formula,  /=      ■  , 


let  E  be  the  electro-motive  force,  and  r  the  resistance  of  a  single  couple, 
L  and  r  being  always  reckoned  as  lengths  of  the  same  kind  of  wire 
taken  as  a  standard  of  comparison;  we  may  then  consider  many 
couples  united  one  to  another  in  a  series  as  shown  in  fig.  630.  Ohm 
considers  that  each  couple  produces  an  electric  current  which  traverses 
the  pile  as  if  that  couple  was  alone,  so  that  the  electro-motive  force  of 
the  series,  or  the  tension  at  the  poles  which  measures  it,  will  be  the  sum 
of  the  electro-motive  forces,  E  -\-  E^  •\-  E"  -|- . . .,  of  all  the  couples 
in  the  series.  In  the  same  manner  the  current,  produced  by  each  couple 
traversing  all  the  others,  meets  with  a  resistance  equal  to  the  sum, 
r  +     +  r^''  +  •  •!  of  the  resistances  of  all  the  couples ;  hence. 


If  the  couples  are  all  equal  to  each  other,  and  f.  represents  their  num- 

nE 

her.  the  formula  becomes  /=  t~";  •   This  shows  that  the  intensity 

'  Z.  +  nr 

o(  the  current,  from  a  series  arranged  one  by  one,  is  proportional  to 

the  sum  of  the  electro-motive  forces  of  all  the  couples,  and  inversely  as 

the  total  resistance  of  the  circuit  including  the  pile  itself. 

If  we  designate  by  e,  I,  s  the  conductibility,  the  length,  and  the  section 

of  a  wire ;  and  by  c^,      s^  the  same  quantities  for  a  second  wire,  it 

follows  from  the  principles  already  established,  and  from  the  fact  that 

the  resistance  of  a  wire  is  in  the  inverse  ratio  of  its  conducting  power, 

that  two  wires  will  produce  i^qual  diminution  of  the  intensity  of  the 

same  electric  current  when : — 


The  third  equation  expresses  the  length  of  a  wire  whose  section  is  «, 
and  conductibility  e,  that  will  produce  the  same  effect  upon  the  current 
M  another  wire  whose  length  is      section  y,  and  conductibility  c^. 


E-h  E^  E'^  . . .  _ 
i  +  r  +  r^  +  r^^+...* 
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This  value  of  I  is  called  the  reduced  length  of  the  first  wire  as  com* 
pared  with  the  second. 

If  we  have  a  series  of  wires  united  together  by  their  ends  as  a 
compound  conductor,  the  equivalent  length  of  the  first  wire  will  be 
expressed  by  the  formula: — 

8C  sc  8C  I  V  V  \ 

Effect  of  increasing  the  number  of  conples  in  a  battery.— 

The  consideration  of  the  formulas  given  above  shows  that, 

1.  The  intensity  of  the  current  increases  with  the  number  of  couples. 

E 

Dividing  both  terms  of  the  fraction  by  n,  it  becomes  J=  T      ,  this 

shows  that  the  value  of  I  increases  with  increase  of  n,  or  the  number 
of  couples. 

2.  The  increased  intensity  of  the  current,  by  increasing  the  number 
of  couples,  is  more  evident  when  L  is  great  in  comparison  with  r,  or 
when  the  external  resistance  to  be  overcome  is  much  greater  t^an  the 

L 

resistance  of  the  battery.   If  on  the  contrary  L  is  very  small,     is  also 

very  small,  and  the  intensity  of  the  current  changes  but  very  little  with 
any  increase  of  the  number  of  couples. 

3.  If  there  is  no  exterior  resistance,  or,  L  =  0,  i  =      =  — .  In 

nr  r 

this  case  the  intensity  is  not  varied  by  varying  the  number  of  couples, 
or  one  couple  gives  as  great  intensity  as  any  number  of  couples. 

4.  The  intensity  is  not  increased  by  increasing  the  number  of  couples 

when  each  couple  added  is  accompanied  by  an  exterior  resistance  equal 

to  X ;  or,  in  other  words,  when  the  exterior  resistance  increases  in  the 

same  ratio  as  the  number  of  couples,  since  on  that  supposition  the 

nE  E 

formula  becomes  I—  —z  =  -= — ; — . 

nL  -\-  nr  .  L  -\-  r 

5.  If  the  exterior  resistance,  £,  is  very  great,  J  is  very  small,  unless 
n  is  made  very  great.  This  shows  that  it  is  necessary  to  employ  a 
great  number  of  couples  when  a  great  amount  of  resistance  is  to  be 
overcome,  as  in  the  voltaic  arch,  and  in  the  electrolysis  of  bodies  that 
are  imperfect  conductors,  or  in  sending  an  impulse  through  a  long 
telegraphic  circuit. 

Effect  of  enlarging  the  plates  of  a  battery.— If,  instead  of 
uniting  many  couples  in  a  series,  we  unite  a  number  of  couples,  m,  by 
poles  of  the  same  name  as  in  fig.  633,  it  will  be  equivalent  to  enlarging 
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the  dimensions  of  the  plates  of  a  single  couple,  the  resistance  of  the 

r  E 
battery  will  be  — ,  and  the  formula  becomes  /  =  .  We  thus  see 

m 

that  if  the  exterior  resistance,  is  very  great  in  proportion  to  r,  the 
resistance  of  the  battery,  the  intensity  will  be  but  little  increased  by 
uniting  the  couples  by  poles  of  the  same  name.  If  L  is  very  small  in  pro- 
portion to  r,  the  intensity  will  be  much  increased  by  this  method,  and  if  L 
is  so  small  that  it  may  be  neglected,  the  intensity  will  be  proportional  to 
the  extent  of  surface  acting  as  a  single  oouple.  We  know  indeed  that, 
when  chemical  action  is  exerted  over  a  large  surface,  the  quantity  of 
electricity  which  traverses  the  connecting  wire  is  also  very  great. 

Bffeot  of  enlarging  the  couples  and  increasing  their  number 
— If  the  number  and  dimensions  of  the  couples  are  both  increased  at 

nE  E 

the  same  time,  the  formula  becomes  /  =   =  t  .  This 

X  +  -1'-    ^  +  L 

m       n  m 

shows  that  increasing  the  number  of  couples  produces  the  same  effect 
as  diminishing  in  the  same  proportion  the  resistance  of  the  exterior 
circuit,  and  increasing  the  surface  of  each  couple  has  the  same  effect  as 
diminishing  the  resistance  of  the  pile.   Hence : — 

y  L,  the  resistance  of  the  exterior  circuit,  is  great,  it  will  be  most 
adcaniageous  to  unite  many  couples  in  a  single  series :  But  if  the  resist- 
ance of  the  exterior  circuit  is  small,  greater  advantage  mag  be  obtained  by 
uniting  the  couples  by  poles  of  the  same  name,  in  such  a  manner  as  to 
form  couples  of  large  extent  of  surface. 

A  most  interesting  application  of  these  principles  to  the  practical 
construction  and  use  of  batteries  will  be  found  in  a  paper  by  Mr.  0. 
Mathiot,  Electrotypist  of  the  United  States  Coast  Survey.  (Am.  Jour. 
Sci.  [2]  XV.  305.) 

882.  Faraday's  nomenclatore. — Faraday  has  introduced  certain 
terms  into  the  language  of  electrical  science,  which  arc  generally  adopted 
fur  their  convenience,  and  their  absence  of  assumed  or  theoretical  notions. 

Electrode  is  used  in  place  of  pole,  to  which  latter  term,  meaning  the 
terminal  wires  of  a  battery,  Davy  and  others  seemed  to  attach  a  sense 
as  if  it  possessed  a  certain  attractive  force,  like  the  pole  of  a  magnet. — 
Electrode  (from  tfXsxrpov,  and  odo^,  a  way),  means  simply  the  way  or 
door  by  which  a  Voltaic  current  enters  or  leaves  a  substance. 

Anode  is  that  surface  of  a  body  receiving  the  current,  or  the  positive 
side  of  the  series,  from  ova,  upwards  (as  the  sun  rises),  and  o  Jo?,  a  way. 

Cathode  is  that  surface  of  a  body  from  which  a  current  flows  out 
towards  the  negative  side  of  the  series,  from  xard,  downwards,  as  the  sun 
52 
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sets,  and  63o^,  a  way).  The  observer  is  supposed  to  face  the  north,  with 
the  positive  of  the  battery  on  his  right  hand,  and  its  negative  on  his  left 

Electrolyte  is  any  substance  capable  of  separation  into  its  con- 
stituents by  the  influence  of  a  Voltaic  series  (from  rjXsxrpov,  and  Xuot 
to  set  loose).  Electrolysis^  the  act  of  decomposition.  Electrolyzed,  and 
dectrolyzaJblCy  are  obvious  derivatives  from  the  same  words. 

Ions  (from  /oy,  neuter  of  £?/i{,  to  go),  are  the  elements  into  which  an 
electrolyte  is  resolved  by  the  current.  These  are  either  anioMf  ele- 
ments found  at  the  anode,  or  eatonSt  ions  found  at  the  cathode. 
Hereafter  we  shall  employ  these  terms  when  they  are  appropriate. 

YI.   THE  EFFECTS  OF  THE  VOLTAIC  PILE. 

1.  Physical  effects. 
883.  The  Voltaic  spark  and  arch.— In  1809,  Davy,  with  the 
extensive  series  of  two  thousand  couples  at  the  Royal  Institution,  first 
demonstrated  the  full  splendors  of  the  Voltaic  arch  between  electrodes 
of  well-burned  charcoal.  However  powerful  the  series  may  be,  no 
effect  is  seen,  in  the  air,  until  the  points  of  the  carbon  electrodes  are 
brought  into  actual  contact,  or  at  least  insensibly  near.  Herschel 
noticed  that  an  electrical  spark  from  a  liCyden  637 
jar,  sent  through  the  carbon  points,  when  near  j^B^^^^^^e^^ 
each  other,  established  the  flow  of  the  Voltaic  ^^^^^^ 
current,  by  projectiun  no  doubt  of  material  particles.  When  the  spark 
passes,  then  the  electrodes  may  bo  withdrawn,  as  in  fig. 
637,  and  the  arch  of  electric  flame  connects  them  with  a 
white  and  violet  light  of  intolerable  brightness;  several 
inches  in  length  if  the  pile  is  very  powerful.  This  arch 
of  seeming  flame  is  not  produced  by  the  combustion  of 
the  carbon  electrodes,  since  it  exists,  with  even  greater 
brilliancy,  in  a  vacuum,  or  in  an  atmosphere  of  nitrogen 
or  carbonic  acid.  Despretz  states  that  in  vacuo  with  a 
powerful  pile,  the  Voltaic  arch  may  be  formed  at  some 
centimetres  distance,  without  contact.  Fig.  638,  shows  a 
convenient  apparatus  for  this  experiment,  in  vacuo,  or  in 
various  gases,  as  in  Davy's  original  experiments.  The 
Voltaic  arch  is  accompanied  by  a  loud  hissing  or  rushing 
sound,  due  to  the  mechanical  removal  and  transportation 
of  particles  of  carbon  from  the  positive  to  the  negative 
electrode,  by  which  the  former  is  diminished  in  length,  or 
made  cup-shaped,  while  the  latter  is  sensibly  elongated, 
as  first  noticed  and  described  by  Prof.  Silliman,  in  1822 
(Am.  Jour.  Sci.  [I]  V.  108),  in  the  use  of  a  powerful  deflagrator  con- 
structed by  Dr.  Hare. 
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*Thtoag,}i  tolored  g1&S9o«,  iKmo  particles  of  rarhon  <>an  be  conr*ni<iijtly  obiicrvrd 
■pliwtitlj  mnirinfi;  elo'wij  from  pol^  to  pokp  OintJ  giving  aDqacqtlaanbly  tbnt  uvkl 
totm  t*t  thv  wreb,  fccq  in  <^^f  wbou  the  ct]?ciriMtf«  nro  vcrlifal,  and  thq  ncga- 
tiT»  CAfbon  ii  uprKjrmost.  Thers  ia  also  dislinetly  to  be  atfcti,  ccrtnin  etnietUrt 
im  VMM*,  or  bimdj  ofdlfferoat  brtllmoiry^  WbiMi  th&  imn^c  oftlit!  curbtiD  t^lcf^trodoa 
prQ>}aet«d  ou  ft  iCfeeo,  fig.  610,  af  w**  first  ib&Di  by  FriuL'BuIt  with  tlio  t-kctrio 
Unt«rn,,  tb«  growth  of  tli«  negatira  6i0  Oil 

■nd  tbe  decreaae  of  tbe  poaitiro  oletk 
trode  k  ^o^tljr  ob9crvv<l,  without  in- 
I  jury  to  tbe  ejei.  The  QcgAtive  ctvrbun 
ih  $0«n  in  glow  first,  u  ggg 
[if  tbe  tigbt  originated 
thfrr,  but  u  tbe  ex  peri* 
mm  t  »tlv»o^s,  tbe  potl- 
Ur«  e^rUaa  beoomea  tba 
tnoit  briliAfil,  Mid  awiil- 
iaiui  this  «ap«riorit7  du- 
ring tUo  expcrimirDt  j  bei- 
eoinrag  at  th«  tamo  liine 
cup' lib  Kf  Hid. 

Tbe  Voltaic  mrch  ia  niBgiietic,  or  eapiiblQ  nf  ioAuenpia^  tbe'  ma^et,  bj  ibe 
approach  of  wbkb  tt  la  dcfie^^t^d.  as  «c«ii  in  Hg.  041,  ttr  it  ia  made  («  ref  ol¥a 
wUb  a  \md  hiesltig  noigo  ;  a  Tact  fir«t 
ohsorred  by  Baty,  but  sioco  careruMy 
tittdied  by  D&  U  Ritoj  Quet,  and  Dcs* 
preti.  Tbif  fact  la  far  more  coavp^ieiioii* 
in  til  e  arc  rrom  tb$  indtictio'a  eoil,  |  03  X 

Sdl.  Regulatqrs  of  tbo  elec- 
tric light.— Since  tlie  intrtMluc- 
tion  of  powerful  constant  liattenes, 
it  hu  been  possible  to  use  tbe  e lee- 
trio  Ifgbt  for  scientific  nnd  econo 
m'lOkl  purposes.  For  this  purpose 
ftifuhtors  bavc  been  dcviiied  to 
render  Lho  ligbt  constant,  by  ap- 
proaching tbe  electrodes  in  pro- 
portion as  liiey  ore  consumed. 

In  dg.  012,  is  aliawD  tbatof  Deleull, 
of  pArb«  and  i\i  deUila, in  5g>  643.  TUa 
tiro  carboQ  pointf,  T  and  N,  arc  bcld 
in  p»«iUoti  by  two  vertical  rodnt,  of 
Ifbicb  tbe  luwcr  ooe^  P,  ia  moved  up- 
ward i  by  Iba  mccbnniitn  iti  fig.  ^I't ; 
while  tb?  Qf^pcr  one,  K»  pasrca  lbr«nt|^h 
e  ball,  D,  witb  frictit^n.  Tb*  flow  &f 
I  ourrrnt  ia  ibowD  by  lb«  arrowl 
ifitig  at  O,  and  dfipartiag  at  It. 

»  frame  of  tbe  apparatuj  ia  of  eisnt*   

flroQ.  Tbe  iltghtlir  ootiMte  mirror,  R,  if  for  cor  tain  pyrpoa«!i  rrplac«d  by  a  large 
|iarab()1it3  mirror*    Wbon  tbe  ituc  clacLrode  it  coti&«!clcd  wllb      ^-nd  rho  curt^on 
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with  H,  oommanication  is  established  by  depressing  N  with  the  hand.  As  Ui« 
current  in  its  circuit  passes  through  a  coil  of  wire  surrounding  the  electro- 
magnet, E,  6g.  643,  the  soil  iron  armature,  m,  on 
the  lever  A,  is  drawn  up  to  E,  so  long  as  the  cur- 
rent flows,  but  if  it  is  interrupted,  then  m  falls, 
and  the  lever  A  is  drawn  upwards  hj  the  spring, 
B,  acting  against  the  fulcrum,  L  :  the  effect  of  that 
motion  is  to  raise  the  electrode,  P,  by  a  tooth, 
I,  catching  in 
notches  on  the 
upright,  K.  In 
this  way  con- 
nection is  again 
established  with 
the  battery ;  and 
when  this  sim- 
ple mechanism 

is  once  adjusted,  it  will  act  for  hours  with  groat  certainty, 
maintaining  the  light  constant. 

Daboscq's  photo-electric  lantern  is  seen  in  fig. 
644.  This  instrament  is  used  to  replace  the  sun  in 
all  optical  experiments  requiring  a  strong  white  light. 

The  poles  S  and  I  are  preserved  at  the  same  distance  by 
the  action  of  an  electro-magnet  in  the  foot  £,  upon  a  soft 
iron  bar  F  F  in  connection  with  an  endless  screw  V,  moving  I 
the  pulleys  P  P',  which  are  connected  by  cords  with  the  poles 
S  and  I.  The  contact  of  S  and  I  induces  magnetism  in  the 
clcctro-magnct  E,  while  the  springs  R  L  regulate  the  motion 
of  the  machinery.  The  apparatus  is  simple  and  portable, 
and  its  effect  is  to  make  the  electrical  light  so  steady  and 
constant  that  it  may  be  used  for  all  optical  experiments. 
The  positive  pole  consumes  much  more  rapidly  than  the 
negative,  both  from  a  more  intense  action  upon  it  and 
because  its  particles  are  carried  over  and  deposited  on  the 
negative  pole,  elongating  the  point  of  the  latter.  To  pro- 
vide for  this  difference,  the  pulley  P'  is  variable,  and  carries 
the  pole  I  up  proportionably  faster,  so  that  the  focal  posi- 
tion of  the  light  remains  unchanged. 

885.  Properties  of  the  electric  light. — Like  the ' 
solar  light,  it  is  unpolarized.  It  explodes  a  mixture  of  hydrogen  and 
chlorine,  and  acts  on  cliloride  of  silver,  and  other  photographic  prepa- 
rations, like  the  sun.  Bodies  made  phosphorescent  by  the  sun,  are 
similarly  affected  by  the  electric  light.  In  1842,  Silliman  took  daguer- 
reotypes with  it  (Am.  Jour.  Sci.  [1]  XLIII.  185),  and  it  is  now  used  in 
preference  to  solar  light,  for  the  purpose  of  taking  microscopic  photo- 
graphs. (Duboscq.) 

Fizeau  and  Foucault,  have  compared,  by  photometric  measurement,  the  light 
from  ninety-two  carbon  couples,  arranged  in  two  series  of  forty-six  (879),  with 
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th«  solar  beam,  and  alao  with  the  oxyhydrogen  or  Drummond  light.  In  a  clear 
Aagnifc  day,  with  the  sun  two  hours  high,  the  electric  light,  assumiug  the  sun 
as  unity,  bore  to  it  the  ratio  of  2-5y :  1,  f .  the  sun  was  twice  and  a  half  more 
powerful :  while  the  Drummond  light  was  only  tbo  one  one  hundred  and  forty- 
sixth  that  of  the  sun.  Bunsen  found  the  light  from  furty -eight  elements  of  carbon, 
equal  to  ftTO  hundred  and  seventy-two  candles.  The  intensity  of  the  electric  light 
depends  far  more  on  the  size  of  the  individual  members  of  the  pile  than  on  their 
number.  The  effeet  from  forty  large  sized  couples  was  found  by  Fizcau  and  Fou- 
canlt  to  be  about  the  same  as  that  from  double  the  number,  when  the  eighty 
were  arranged  eonsecutively,  as  in  fig.  630,  while,  with  the  same  elements  in 
two  parallel  series,  there  was  a  very  great  increase  of  effect  Fraunhofer  showed 
that  the  spectrum  of  the  electric  light  was  distinguished  from  that  of  the  sun 
by  a  very  bright  line  in  the  green,  and  a  somewhat  less  luminous  one  in  the 
orange  (461).  Dove  has  lately  shown  (Poggcndorff 's  AnnaUn,  1857,  No.  6)  that 
this  light  has  two  distinct  sources :  1st,  the  ignition  or  incandescence  of  the 
translated  particles,  passing  in  the  course  of  tbo  diacbarge:  2d,  the  proper 
electric  light  itself.  On  the  contrary,  Draper  has  shown  that  the  spectrum  from 
a  glowing  platinum  wire  heated  by  the  battery,  contains  no  dark  lines,  so  that, 
unlike  the  electric  light,  it  is  strictly  white  (Am.  Jour.  Sci.  [2]  VIII.,  340).  It 
Is  not  only  particles  of  carbon  which  pass  in  the  Voltaic  arch,  1>iit  of  whatever 
conductor  may  form  the  positive  electrode,  as  platinum,  or  any  metal,  and  the  light 
varies  in  its  optical  properties  with  every  change  of  the  electrode.  ( Wheatstone.) 

886.  Heat  of  the  Voltaio  arch.— Deflagration. — When  the  posi- 
tire  electrode  is  fiishioned  into  a  small  crucible  of  carbon,  045 
as  in  fig.  C45,  gold,  silver,  platinum,  mercury,  and  other 
substances,  are  speedily  fused,  dcfla;;rated,  or  volatilized, 
with  Tarious-colored  lights. 

The  fusion  of  platinum  (like  wax  in  a  candle)  before  the  Voltaio 
arch  is  significant  of  its  intense  heat,  and  still  more,  the  volatiliza- 
tion and  fusion  of  carbon,  a  result  first  announced  by  Prof.  8illiman 
in  1822,  and  since  confirmed  by  Dcprctz,  who,  by  the  union  of  the 
heat  of  six  hundred  carbon  couples  arran;:^(.-d  in  numerous  parallel  series,  and 
conjoined  with  the  jet  of  an  oxyhydrogcn  blow-pipe,  and  the  heat  of  the  mid- 
day sun,  focalized  by  a  powerful  burniug-g]ai<s,  succeeded  in  volatilizing  the 
diamond,  fusing  mognesia  and  silica,  and  softening  anthracite.  The  diamond 
is  also  softened,  and  converted  into  a  black  spongy  mass  resembling  coke,  or, 
more  nearly,  the  black  diamond  found  in  the  Brazilian  mines. 

A  delicate  stream  of  mercury  being  allowed  to  flow  from  a  narrow  elongated 
funnel  (the  negative  electrode),  upon  a  surface  of  mercury  in  a  glass  vase  form- 
ing the  positive  electrode,  is  deflagrated  with  transcendent  splendor.  Many 
yards  of  number  twenty  platinum  wire,  held  between  the  electrodes,  may  be 
kept  in  the  full  glow  of  white  heat  for  a  long  time.  The  teacher  can  devise 
many  pleasing  additional  experiments,  as  drawing  the  ari-h  beneath  water,  oil, 
and  other  liquids,  from  points  of  carbon,  or  from  platinnra  and  ctci-l  wires. 

When  a  fine  platinum  wire  is  made  the  posiitive  clcctrmle,  and  a  solution  of 
ehlorid  of  calcium,  or  any  other  metallic  chlorid,  is  made  the  negative  elee< 
trode,  on  touching  the  surface  of  the  liquid  with  the  point  of  the  fine  wire,  if 
the  series  is  powerful  the  wire  is  fased  on  the  surface  of  the  liquid,  evolving  a 
light  of  surpassing  beauty,  whose  color  is  that  appropriate  to  the  metal  In  sola- 
tion ;  (.  g.f  from  ealeiom  salts,  violai-rsd ;  from  sodium,  yello^-  Hub, 
62* 
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reddish-yellow ;  from  potasaiam,  riolei ;  from  strontiom,  rod,  Ac.  These  bea«- 
tiful  facts  wore  first  noticed  by  Dr.  Hare. 

Dr.  Page  has  described  a  singular  motion  imparted  by  the  current  to  globnlM 
of  pure  mercury,  placed  in  a  shallow  dish,  and  covered  by  acidulated  water:  the 
globules  elongate  to  oroids  and  move  actirely  about,  one  end,  that  towards  the 
-f  pole,  being  clouded  by  escaping  gas-bubblea.  If  the  mercury  contains  sine, 
the  position  of  the  clouded  end  is  reversed.    (Am.  Jour.  Sci.  [2],  XI.,  192.) 

887.  Meaaurement  of  the  heat  of  the  Voltaic  corrent. — ^By 

means  of  a  long  wire  coiled  into  a  close  spiral,  and  enclosed  in  a  calo- 
rimeter of  glass,  containing  water,  Becquerel  and  others  have  eetablbhed 
the  laws  regulating  the  flow  of  heat  in  tlie  electric  current,  by  its  effect 
in  elevating  the  temperature  of  the  water.  A  coil  of  platinum  wire 
contained  in  the  bulb  of  a  Sanctoriu's  thermometer,  becomes  a  means 
of  estimating  the  heat  of  currents  too  feeble  to  be  otherwise  measured. 
The  results  are,  that  when  a  Voltaic  current  traverses  a  homogeneous 
wire,  the  quantity  of  heat  in  a  unit  of  time  is  proportional : — 

1.  To  the  resistance  which  (he  wire  opposes  to  the  passage  of  (he  eUe- 
tricity: 

2.  To  the  square  of  the  intensity  of  (he  current.  The  intensity  of  a 
current  is  measured  by  the  quantity  of  water  which  it  will  decompose 
in  a  given  time. 

For  a  given  quantity  of  electricity,  the  elevation  of  temperature  at 
different  points  on  a  conducting  wire,  is  in  the  inverse  ratio  of  the 
fourth  power  of  its  diameter. 

Draper  has  applied  the  coefficient  of  expansion  to  determine  the 
degree  of  heat  corresponding  to  a  particular  color  (585). 

2.  Chemical  effects  of  (he pile. 

888.  Historical. — The  chemical  effects  of  the  pile  are  most  wonderful, 
and  the  present  advanced  state  of  chemical  science  is  largely  attribu- 
table to  the  flood  of  light  shed  by  the  researches  of  Davy  and  Faradny 
upon  the  electrical  relations  of  the  elements  and  the  decomposition  of 
compounds  by  the  Voltaic  circuit. 

In  1800,  immediately  after  Volta's  announcement  to  Sir  Joseph  Banks  of  bid 
discovery  of  the  pile,  Messrs.  Nicholson  and  Carlisle  constructed  the  first  pile 
in  England,  consisting  of  tbirty-six  half  crowns,  with  as  many  discs  of  sine  and 
pasteboard  soaked  in  salt  water  (864).  Observing  gas-babbles  arise  when  the 
wires  of  this  pile  were  immersed  in  water,  Nicholson  covered  them  with  a  glass 
tube  filled  with  wntcr,  and,  on  the  2d  of  May,  1800,  completed  the  splendid  dis- 
covery, that  the  Voltaic  current  had  the  power  to  decompose  water  and  other 
chemical  compounds.  Stimulated  by  so  fine  a  result,  chemists  and  physicists 
everywhere  repeated  the  experiment,  perfecting  the  methods  of  obtaining  the 
oxygen  and  bydrogen  gases  in  a  separate  condition.  The  chemical  theory  of 
the  pile,  originally  advanced  by  Fabbroni,  a  countryman  of  Vnlta's,  some  years 
before,  was  taken  up  and  ardently  advorntcd  by  Davy,  who,  in  1801,  had  sne- 
coedtd  to  a  place  iu  the  laboratory  of  the  Kuyal  Institution :  where,  on  the  fttll 
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,  1«0T,  ho  mmf]^  by  ibo  Volt  si  e  pile,  Ibe  iscnjomblo  diaubverj  of 
the  medillic  biia«  of  potajtn,  before  regardud  ns  %  nitopla  eubsLAUCQi 
ftod  touD  after  ciiiiblieWd  Ihe  «tari}i»g  tmtb,  Lbnt  all  tbc  cnrthj  and  alkalies, 
■ViatiL  IhM  e?t«'ine<l  i^lnipte  subfUniM:*— thq  wbulo  cmst  «?f  tlm  glub«,  tu  fad— 
ttf  mtiU!s,  wlioac  uxi^Unco  bad  hitherto  beun  unaajjpoctcd. 
,  '^lectiolysis  of  water.— Toltameter. — The  Voltaic  dccoiD' 
pwaiticm,  or  electrolysb  of  Tenter,  b  the  fittest  possible  UluBtrution  of 
tin*  chemiciftl  power  of  llie  pilo*  Water  is  a  compound  of  oxygen  and 
Jijdrogen  gii«os,  in  the  pR>portinns  of  one  mcasuref  of  the  formor  to  two 
ctf  the  latter.  When  two  gold  or  platinum  wires  are  connected  with 
the  oppoAtte  mds  the  buttery,  and  held  a  BhorC  distance  a»iiader  in 
II  cup  ijf  water,  a  train  of  gii**bubll>lcs  will  be  seen  rising  from  eocb, 
and  e^capin^  at  the  surfiiQe«  If  the  electrodes  are  not  e^f 
of  gold  or  platinum,  the  oxygen  combitieB  with  one  of 
thetn.  and  only  hydrogen  escapes,  a»  in  Nicholson's  ori- 
ginal oiperiinent.  With  two  glnsa  tubes  placed  orer  tije 
platinum  poies,  fig.  646,  we  can  cullect 
bubbles  as  they  rijse.  The  gas 
< hydrogen)  given  off  fmm  tho  ne{;ative 
electrode  ia  twice  the  volume  of  that 
obtained  from  the  positive.  When  the 
tubes  are  of  the  same  else,  this  differ- 
ence  becomea  at  once  evident  to  the 
eye.  By  estaminlng  these  gases,  we 
shall  find  them,  respectively,  pure  hy- 
drogen and  oxygen,  in  the  proportion 
iff  two  volume*  of  the  former  to  one  of 
the  latter.  Agreeably  to  prmclple» 
alreatly  explained,  the  oiygeo  (electro-negative)  nppeara  at  the  -f  elec- 
trode, and  (he  hydrogen  (electro-positive)  appears  at  the  —  electroile. 
The  rapidity  of  the  decompoaition  is  greater  when  the  water  ia  nmde  a 
hotter  conductor,  by  adding  a  few  drops  of  Bulphnrie  acid;  and  fur 
rapid  electrtjlysifl  the  number  ef  couples  in  ihe  serica  BbouUl  hp  in- 
creased  lo  overcome,  by  superior  tension,  the  low  con- 
ducting  power  and  chemical  affinity  of  the  elcctro' 
lyte.  If  a  tingle  tube  only  cotcra  both  electrodes,  m 
in  fig.  €47,  the  total  electrical  effect  m  easily  mcaaurod 
by  the  gradiiatkm  of  tfie  tube,  the  quantity  of  gasei 
gi%'en  off  in  n  unit  of  time  being  directly  as  the  current. 
The  nmtents  of  this  (ube  will  exploHjo  if  a  lighted 
inalt  h  Ih  applied  to  them,  nr  if  an  electric  spark 
through  theuK    Such  an  instrument  i«t  a  Vi 

K  ri}raV0tiie»t  Utm  (if  ilib  lnKiruj»«fit  t* 
•  iHitibt  eii«4  nitli       wiit«ri  the  prlsimttia  <*' 
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end  in  two  plates  of  pUtinam,  while  »  bent  gas  tabe  of  glass  oonTeys  off  the 
accumulating  gases  as  fast  as  thej  are  cTolved  by  the  electrolysis. 

890.  Laws  of  eleotrolyBia. — From  a  great  number  of  elaborate 
experiments,  the  accuracy  of  which  remains  unshaken,  Faraday  has 
deduced  the  following  general  laws  of  electrolysis. 

Ist.  The  quantity  of  any  given  electrolyte,  resolved  into  its  constitu- 
ents by  a  current  of  electricity,  depends  solely  on  the  amount  of  elec- 
tricity passing  through  it,  and  is  independent  of  the  form  of  apparatus 
used,  the  size  or  dimensions  of  the  electrodes,  the  strength  of  the  8olu> 
tion,  or^ny  other  circumstance.  Hence,  the  amount  of  water  decom- 
posed in  a  given  time  in  the  Voltameter,  is  an  exact  measure  of  the 
quantity  of  electricity  set  in  motion. 

2d.  In  every  case  of  electrolysis,  the  elements  are  separated  in 
equivalent  or  atomic  proportions,  and  when  the  same  current  passes  in 
succession  through  several  electrolytes  in  the  same  circuit,  the  whole 
series  of  elements  set  free  are  also  in  atomic  proportions  to  each  other. 
It  follows,  therefore,  that  the  amount  of  electricity  required  to  resolve 
a  chemical  combination,  is  in  constant  proportion  to  the  force  of  chemi- 
cal affinity  by  which  its  elements  are  united. 

3d.  The  oxydntion  of  an  atom  of  zinc  in  the  battery,  generates 
exactly  so  much  electricity  as  is  required  to  resolve  an  atom  of  water 
into  its  elenielits.  Thus,  8*45  grains  of  zinc  dissolved  in  the  battery, 
occasions  the  electrolysis  of  2'35  grains  of  water.  But  these  numbers 
are  in  the  ratio  of  32*5  :  9  the  equivalents,  respectively,  of  zinc  and  of 
water.  Hence  follow  these  corollaries : — First,  The  somre  of  VoUaic 
electricity  in  the  pile  is  chemical  action  solely.  Second,  The  forces  termed 
chemical  affinity  and  electricity^  are  one  and  the  same. 

One  or  two  additional  illustrations  of  these  laws  will  suffice  in  this 
place,  referring  the  student  to  chemical  649 
treatises  for  a  fuller  discussion  of  this 
very  important  topic. 

891.  Electrolysis  of  salts. — In  the 
bent  tube,  B  A,  fig.  C49,  put  a  solution 
of  any  neutral  salt;  t.  e.,  sulphate  of 
soda,  and  diffuse  the  blue  solution  from 
a  purple  cabbage  in  the  liquid.  Let  the 
current  of  a  Voltaic  pile  communicate 
with  this  saline  solution  by  two  platinum 
wires,  dipping  into  the  legs  of  the  tube- 
presently  the  blue  color  of  the  solution 
is  changed  on  the  positive  side  for  red,  and  on  the  negative  for  green, 
indicating  the  presence  of  an  acid  set  free  in  A,  and  of  an  alkali  in  B 
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if  the  actioD  is  kept  up,  the  whole  of  the  h\ue  liquid  is  chnnged  t*>  red 
and  green.  Trans|K»$e,  then,  tUo  +  und  —  wires,  so  a*  to  reverse  the 
direction  uf  Ihe  current;  prcaeDtly,  tlie  red  and  green  change  buck  to 
blue,  Bntl,  ia  a  short  tlmo^  that  which  wa»  red  becomes  green »  and  vice 
r«w.  This  19  a  case  «>f  electrolyaia  in  which  the  electrolyte  (sulphate 
{»r  mdn]  h  ehon^^ed,  not  mto  its  ukimate  elements,  hut  only  itito  th@ 
acid  and  alkali,  which  may  be  called  its  prosttnale  cotistitiiOnts  ;  any 
other  saliite  fluid  may  he  auh5titut<^d  with  pimilar  reaulta.  If  an  alka- 
line ehlorido  is  used,  i.  e.,  cotumon  eallj  the  free  chlorine  e^'olred  on 
tho  -{-  side,  discharges  all  eolnr,  while  the  aoda  produces  on  the  — 
iide  itB  appropriate  green  tint.  If  a  metallic  salt,  c.  g.^  sulphate  of 
cupper^  or  ncetiite  of  lead,  is  used  in  A  B,  then,  oa  the  —  fide,  metallic 
copper  or  lead  i«  evolved ;  while,  on  iho  -J-  aide,  ia  the  freo  acid  before 
ia  combination  tu  the  fialL 

A  more  etirprbltis  OKOitiplo  ftf  the  iLpparoot  trabifor  of  ekmcnt£  undiir  the 
power  or  tba  Voltaic  corrent,  ii  illaatrmtcd  ta  fi50,  whcro  in  tho  c«Dtro  glaaa^ 
6f  tb«  thrc«  wiuog^lMiet,  ABC,  U  a  030 
■olutlua  of  sulphato  of  ioda,  wbik  A 
snd  C  contain  only  pare  water,  blued 
witli  cabbage  lolaliaD,  Filamenti  of 
B«i>i  cotton  wii'k  coddocI  Uxo  thre>a 
glaitei,  and  ibe  eltrtrodcB  ar«  lotro- 
daottd  Into  A  and  C,  when  ibe  tamo 
mti«B  of  ehoQfeiij  ^ready  d««mb«d  In 
flg<  649,  takes  place,  wHb  tbe  •hedc  re- 
rertatt  wbea  iliiQ  clisctrodcs  nr«  trana- 
ftrrwL  B  rcdialnt  «ppart'iitlj  unchanged,  while  C  11  reddened,  and  A  bocomva 
gnea,  or  n>e  t^rtf*.  There  ir,  in  fftct,  aotbing  more  wonderful  in  tbi«  caie  Iban 
ta  Lh0  last,  f>iilv  tbn  dijsectioD  of  tbc  ^roceia  into  Ibreo  pnHf«  makei  tbe  r«Jiu1t 
iiiU  mart*  etrikto^.  In  p1ii««  ut  AhQy  »nj  nnmber  of  ^Ubsi;i,  whb  diA'crvnt 
■atti  and  componDds  mnj,  witb  a  powerful  tvrics  of  BuQsen,  be  aoliAiituKd, 
with  i-esultA  cubfurm^blts  to  the  law  m  ^  S'JO. 

892,  Electro- metallurgy  .—The  electrotype. —The  csold  coating 
of  mctala  by  the  Voltaic  current,  iis  a  fine  eiample  of  *it 
the  rich  gifts  made  by  aba  tract  ACienee  to  the  practical 
aria  of  life.  Every  Danieira  battery  is,  in  fact,  an 
eleetMvmctalUo  bath,  in  which  metallic  copper  of  ft 
firm  and  fleiiblo  texture  ia  cotistatjtly  thrown  down 
fii»ia  Bolntiuo* 

Th«  i^tr?  'Icapl*'  sftpuatni  rcqmrod  to  tbow  tbefo  rrfulta 
*xp«Tioie»lal1r,  ii  r« presented  Id  tbe  fig.  fl5U  It  i»  nothitiK, 
ia  fati,  but  a  itagle  c«ll  of  Ii»nkll"s  bi»Jtl*ry.  A  gliwt  tnm- 
bier,  S,  ft  fotum^^fi  lanap-ehimnej,  P,  with  a  blrndder-ikia 
tifld  over  ibe  l{3w«r  «lid  and  filled  with  dilute  giulphuric 
Is  all  the  apfmrfttui  rcqiiir^^L  A  tlropg  iolntiou  of  iul|)tiDte 
of  copper  i*  p«t  into  tbe  turoliler,  and  a  lim?  r«d,  K,  '%*  iuiPTted  io  P  ?  lbs  ta«fildi^ 
or  CMtJ,  iHH|  are  tii«p«iid«d  bjr  wirei  attacb«d  to  ibe  biadinf  '  "  Ttiui 
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arrmi^d,  th«  copper  tsolutba  la  ilowljr  dflcamposed,  &nd  the  meUl  Ib  ersuljr  taii 
irmly  depoaitcd  oa  tjtm.  A  perfect  roverfe  copj  of  m  is  thus  obtinm^d  in  tuUd 
mjtlluabk  copper.  Tb«  bock  of  m  is  protoi^tfd  bj  TurDishj  to  prevent  tbo  sJlio- 
iion  of  the  metallie  copper  to  it.  Id  tbi«  ujannor  tha  moat  elafetjnite  *tn1  cmtij 
medab  ars  etutily  muUiplicd,  and  in  the  moat  MCarAie  tftftoner^  Iti  pfiiclit«, 
rererac  eaaU  of  the  object  to  be  copied  drat  made  in  Fuiiiblt  mctat  or  mm.x.  The 
(irt  ia  now  eslonsively  applied  to  pitting  in  gold  md  lilver  from  ibeir  golutinnji ; 
the  mutaJs  thoi  dfipoiitod  sdfavrtnj;  perfectlj  to  the  motaUie  surCftco  u»ii  mbieh 
they  »re  depo»itod,  provided  these  be  qult«  c]caQ  and  bright 

Kvea  ftllojs,  u  broase,  braas,  and  Genflun  «ilve?,  maylji  depoii(«d  according 
to  cleotroljrtk  low. 

The  positiTo  eleictrodea  should  h&  of  tho  anme  mctKl  u  that  In  folotioa,  tod 
aa  targa  aa  the  sarfaces  to  b«  coated,  and  Ibeso  ehoald  not  be  larger  than  lbs 
plAt«i  of  Iba  bfuttArj  fumi«hiDg  the  curreaL  Tb«  arTAngemcnt  of  app«r»ltti 
waunmly  used  in  tbii  art,  la  «e«&  io  fig,       where  the  mctollie  aoltttion  if  hiltl 

m 


in  ft  sepurato  biith,     . ..  i  .    n>d9;  B,  wryiog 

objecta,  in  aonneeiion  with  iha  negatiro  aide  of  tba  batturj ;  and  with  lh«  ■pQtU 
tiFo  aide,  tJio  rod  D,  o»  which  ia  fin^pendcd  a  plnte  of  Iho  nietflJ  prnpoatd  ta  be 
dapoflit«d,  to  maiatftiti  the  uniform  alreaglh  of  Iho  t<?l:uUoD,  which  i«  prafisrAbilij 
k^pt  at  a  somewhat  higher  ttfmpuratnre  ihaa  that  of  the  air.  Wood-cmlJ  aiid 
pr  in  tors'  tjpoit  art>  tbua  copied  iu  copper,  the  m^olda  t^lccn  in  wax  from  th«m 
being  made  conductors  by  duatiug  over  the  flur&eii  with  oxtriimDly  fine  plnta. 
bago.  All  the  GD}i[H:r-ptatca  for  the  charts  of  the  tin i ted  States  Cotat  Surrv^j 
MO  roprodnccd  bj  the  cloetroiypo — the  origi&alii  never  beii^g  Died  in  tho  J*re^*■^ 
hat  only  the  copies;  and  aay  required  ntimber  of  lh««o  may  '  r  r  <  :  .  iS  ai 
expsniD.  For  an  InatmrtiTe  account  of  theie  exteDiiro  eb  era* 
tions,  the  itadcnt  ia  referred  to  a  paper  by  tha  Ekctr«typlat  of  i  '  ■  f?uf 
rey,  Mr,  G,  Mothiot  {Amor.  Jour.  Sol.  I2J,  XV.,  305). 

803.  Crystalli^tlon  from  the  action  of  feeble  eomiits.^U 

waa  known  to  the  alchemists,  very  earl_y  Ui  cbeiiiicftl  historj,  that  cer- 
^taiR  tnetiulu,  as  gold,  silver,  copper,  lead,  tin,  Ac,  -wri^ro  d<?pOBit©d  in  a 
pure,  or  *'rcyulme''  condition,  froni  thoir  Bolution*i,  when  nnoiher  metal 
was  present,  or  even  somotimos  \irithout  that  condition.  Thus  tho  lead 
tree  {arbor  Saturnct),  the  tin  tree  [arbor  Joth),  the  silvt^r  tree  [arbor 
Duintr),  were  so  callod  bj  tha  alctiemiste,  Imm  the  uppur£tit  growlli 
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of  these  metals  out  of  their  solutions,  and  in  tree-like  forms.  This 
growth  we  now  know  to  be  due  to  Voltaic  crystalline  deposition. 

Bxamples. — A  solution  of  ohiorid  of  gold  in  etber,  bj  slow  change,  deposits 
■ponUneoosly,  crystals  of  fine  gold,  in  elegant  moss-like  growths ;  and  Liebig  has 
shown  us  how  to  prepare  a  sUrer  solution,  which,  by  the  aid  of  an  essential  oil  as  a 
reducing  agent,  will  coat  glass  with  a  film  of  silver  so  thin  as  to  be  transparent, 
and  still  so  brilliant  as  to  reflect  light  more  perfectly  than  the  best  mercurial 
mirrors. 

A  dilute  solution  of  acetate  of  lead  (half  an  ounce  to  a  quart  of  rain  water), 
•nrrenders  all  its  lead  to  a  strip  of  sine  hung  in  the  containing  bottle,  in  elegant 
erystalline  plates  {the  arbor  Satuma) ;  this,  and  the  next  case,  are  true  Voltaic 
circuits,  while  in  the  first  two  cases,  hydrogen  appears  to  supply  the  want  of  the 
second  elemteit  of  Voltaic  couple.  In  like  manner,  a  dilute  solution  of  nitrate 
of  silrer,  placed  orer  mercury,  soon  deposits  all  its  silrer  in  an  arborescent  form 
{arbor  Diana)  on  the  mercury. 

But  the  most  instmctire  case  of  this  kind  is  when  a  bar  of  pure  tin  is  placed 
upright  in  a  tall  vessel,  the  lower  half  of  which  is  filled  with  a  saturated  solution 
of  protochlorid  of  tin,  while  above  it  rests  a  dilute  solution  of  the  same  salt. 
The  bar  is  therefore  in  two  solutions  chemically  identical,  but  physically  unlike. 
The  result  is  a  Voltaic  current,  by  which  metallic  tin,  in  beautiful  brilliant  plates, 
is  deposited  upon  the  upper  part  of  the  bar,  while  the  lower  part  is  correspond- 
ingly dissolved  by  the  free  electro-negative  element  of  this  electrolysis. 

The  earliest  recorded  experiments  with  this  species  of  Voltaic  circuit  are  those 
of  Buchols  (1807),  whence  this  slow-acting  pile  is  sometimes  called  the  "  BuckoU- 
pile."  Becquerel  has  greatly  extended  our  knowledge  of  the  actions  thus  pro- 
duced, forming  thereby  many  non-metallic  crystalline  products.  Cross  thus 
formed  crystals  of  carbonate  of  lime  in  two  days  in  the  light,  or  in  six  days  in  the 
dark.  Mallett  thus  produced  crystals  of  copper,  and  of  red  oxyd  of  copper,  in 
a  single  night  from  Uie  nitric  solution.    (Am.  Jour.  Sci.  [2]  XXX.  253.) 

894.  Deposit  of  metallic  ozyds  and  Nobili'a  rings. — Becquerel 
has  shown  that  oxyd  of  lead  and  oxyd  of  iron  may  be  deposited  in 
a  thin  film  on  the  surface  of  oxydizable  metals  by  using  an  alkaline 
solution  of  the  metallio  oxyd,  and  making  the  plate  to  be  oxydized  the 
negative  electrode  of  a  constant  battery ;  a  deep  brown  coating  of  the 
oxyd  is  thus  deposited  in  a  few  minutes  so  firmly  as  to  withstand  the 
action  of  the  burnisher,  and  perfectly  protect  the  iron  or  steel  from 
atmospheric  action. 

If  the  film  of  oxyd  of  lead  is  very  thin,  it  presents,  over  a  surface 
of  polished  silver  or  steel,  a  most  pleasing  exhibition  of  colored  rings, 
analogous  to  the  colored  rings  of  Newton  from  thin  plates  (530).  For 
this  purpose  the  negative  electrode  is  made  of  a  thin  platinum  wire, 
protected  from  the  solution  by  a  glass  tube,  except  at  the  extremity, 
where  a  mere  point  is  presented.  A  rim  of  wax  on  the  edges  of  the 
plate  retains  the  solution  of  potassa,  saturated  with  oxyd  of  lead,  while 
it  is  connected  on  the  positive  pole,  and  the  negative  point  is  held  for  a 
few  seconds  within  a  lino  of  the  polished  surface.  These  colored  rings 
were  first  noticed  by  Mr.  Nobili,  whence  their  name. 
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3.  Physiological  effects  of  (he  pile. 
89j.  The  physiological  effects  of  the  Voltaic  pile. — GaWani'i 

original  experiment,  and  the  earlier  observations  of  Svrammerdam  and 
Sulzer,  of  two  metals  on  the  tongue,  deserve  to  be  remembered  as  being 
our  earliest  knowledge  of  this  subject.  From  a  single  cell,  or  even  a  small 
number  of  pairs,  the  dry  hands,  grasping  the  electrodes,  receive  no  sen- 
sation ;  number,  and  not  size  of  elements,  is  requisite  for  the  physio- 
logical effect.  Thus,  from  a  column  of  fifty  elements,  or  still  more  from 
fifty  cups  of  Bunsen,  or  a  Cruickshank's  trough  (870),  a  smart  twinge  is 
felt,  reaching  to  the  elbows,  or  if  the  hands  are  moistened  with  saline 
or  acid  water,  the  shock  will  be  felt  in  the  shoulders.  Thfs  shock  u 
unlike  the  sharp  and  sudden  commotion  from  statical  electricity,  being 
a  more  continued  sensation,  accompanied,  during  the  continuance  of  the 
current,  by  a  sense  of  prickly  heat  on  the  surface.  But  it  is  only  at 
the  making  and  breaking  of  contact  that  a  shock  is  felt.  If  the  battery 
contains  some  hundreds  of  couples  actively  excited,  the  shock  becomes 
painful,  or  even  fatal.  It  may  be  passed  through  any  number  of  per- 
sons whose  moistened  hands  are  firmly  joined,  but  it  is  sensibly  less 
acute  at  the  middle  of  such  a  circuit  than  to  those  at  the  electrodes. 
Even  afler  death,  this  power  produces  spasmodic  muscular  contrac- 
tions, efforts  to  rise,  and  contortions  of  the  features  frightful  to  behold.* 
Persons  in  whom  animation  was  suspended,  have  been  restored  by  the 
influence  of  the  hydro-electric  current  on  the  nervous  system. 

Tbo  80D809  of  sight,  hearing,  and  taste,  are  all  affected  by  a  Voltaic  cnrrent; 
a  flash  of  light,  a  roaring  sound,  and  a  sub-metallio  savor  being  received  when 
the  shock  of  a  small  battery  is  passed,  successively,  through  the  eyes,  the  ears, 
and  the  tongue. 

From  the  experiments  of  Decqucrel,  it  appears  that  seeds  subjected  to  a 
gentle  electric  current,  germinate  sooner  than  otherwise.  Von  Marum  observed 
that  plants  with  a  milky  juice,  like  the  Euphorbiacece,  do  not  bleed  after  a 
powerful  electrical  shock,  owing,  he  suggests,  to  the  loss  of  contractile  power  in 
tho  plant. 

For  a  detailed  account  of  the  application  of  electricity  to  medical  uses,  con- 
sult tho  works  of  Dr.  G.  Bird  (of  London),  W.  F.  Channing  (of  Boston),  and  the 
Iat«  elaborate  volume  of  Dr.  Qarrott. 

The  magnetic  effects  of  the  pile  belong  to  electro-dynamics, 
while  its  electrical  effects  have  already  been  considered  in  \l  863,  864. 

VII.    THEORY  OF  TDE  PILE. 

896.  Three  views.— 1.  It  has  already  been  stated  (863),  that  Volta 
and  his  school  ascribed  the  effects  of  the  pile  to  the  simple  contact  of 
unlike  metals,  each  decomposing  the  neutral  electricity  of  the  other. 

*  See  a  notice  of  Dr.  Ure's  experiments  on  a  newly  executed  criminal,  at 
Glasgow,  in  ISIS.   Harris,  Galvanism,  123,  J.  Weale. 
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e  ari;i]cd  llmt  die  cho mitral  actioD  of  the  battery  Waa  Tcqtiutt«  OeIj 
lo  afford  coodui'tofs  for  the  electrlcityt  wblle  the  metallic  subebuicet 
rcmAiDing  in  every  way  unchaD|;ed,  tliey  are  opposed  to  discharge 
into  eoeii  other,  AccordtDg  to  iLis  hypotbesis,  the  two  metals  are  in 
opposite  electrical  8tat€«,  one  beiog  posijtiircs  the  other  negative ;  these 
tLal«s  becombg  at  once  destroyed  by  the  inteireaing  fluid.  This  theory 
■SKQQied  thai  the  whok  effect  of  the  apparatus  ia  but  a  dieturbaace 
and  reproduction  of  electrical  cqailibrium.  Thi«  vievf»  howe^ert  can- 
not be  EUfaintained,  ^iuce  it  involves  an  impoflsibiiity : — the  productioa 
of  a  continoal  current^  flowing  on  agntnst  a  constant  rcalstance,  wi th- 
at any  consumption  of  the  generating  force. 

2.  On  the  other  hand,  Fabbroii1»  Davy,  Wollaston,  anj,  above  all,  m 
T  dajt  Faraday,  De  la  Hive,  and  Becquerel  have  sought  to  estahlish 

t  ibe  Voltaic  excitement  waa  otily  tho  reciprocal  of  the  chemical 
^setion ;  and  as  this  wa«  more  intense,  and  properly  directed^  so  waa 
the  pile  more  powerfuL    In  addition  to  the  statementa  and  arguments 
already  add  need,  it  is  proper  here  to  consider  the  ground  of  these  two 
TiewSf  and  somewhat  more  in  detail. 

3.  A  third  view  or  theory  of  the  pile  has  been  advanced  by  Pcschel, 
which  he  calls  the  mifhmhr  ili^orfj,  and  which  rests  on  a  sort  of  middle 
ground  between  the  contact  and  the  chemical  theories. 

897*  Volta'a  contact  theory.— The  advocates  of  this  mode  of  ex- 
plaining the  action  of  the  pile  (embracing  nearly  the  whole  body  of  the 
Gc'rman  phyfiicists),  contend  that  they  hare  e*perimcn tally  cstabliehed 
the  fullowing  points  in  support  of  Volta's  theoryj  viz.*  1st,  That  Volta'a 
original  eiperimcDta  demonstrate  the  fact  beyond  question,  that  tlie 
simple  contact  of  heterogeneous  metals  does  pi?odiicc  an  electrical  cur- 
rent (840).  2d,  That  in  some  cases,  when  a  purely  chemical  action 
exists  between  a  tlnld  and  one  of  the  two  metals  immersed  in  it,  the 
contact  of  the  metals  arrests  this  action,  itnd  an  opposite  action  oom- 
toeoces.  3d,  That  there  are  even  cases  of  hydro-electriq  combinations, 
in  which  electrical  action  eiists,  without  any  chemical  action  whatever 
on  the  electromotors.  4th,  The  advoeales  of  this  view  further  contend 
that  chemical  action  is  never  the  primitive  canse  of  electrical  excite- 
ment; although  some  do  not  question  the  influence  of  chemtc&l  octioEi 
in  promoting  and  increasing  the  excitement  originalty  due  to  contact. 

Since  scaricely  any  chemlca.1  action,  or  none  at  all,  occurs  in  a  con- 
stant battery  without  contact,  it  la,  with  reason,  urged  that  contact  of 
the  heterogeneoua  metals  is  the  one  indispensable  prior  cause  of  the 
Voltaic  current    Hence  tho  real  difficulty  seems  to  b«,  to  decide  wliat 
hare  chemical  influence  really  has  in  exciting  the  electrical  action, 
ant  of  space  prevents  our  giving  the  evidence  in  detail  upon  wbioh 
53 
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the  advocates  of  the  contact  theory  rely  for  the  support  of  the  abora 
propositions. 

898.  The  chemical  theory  assumes  the  electrical  current  to  be  the 
reciprocal  of  the  chemical  action  in  the  cells  of  the  battery,  and  that 
chemical  action  is  essential  to  the  production  of  such  a  current. 

De  la  Rive  demonstrated  this  latter  point  in  the  following  manner: 
A  pair,  formed  of  two  plates,  one  of  gold,  the  other  of  platinum,  vras 
plunged  into  pure  nitric  acid,  vrithout  the  development  of  any  corrent ; 
by  the  addition  to  the  nitric  acid  of  a  single  drop  of  chlorohydrio  acid, 
a  very  decided  current  vras  obtained  from  the  gold  to  the  platinum 
through  the  liquid.  In  the  first  case  there  was  no  chemical  action  ;  in 
the  second  case,  the  gold  was  attacked,  and  the  platinum  was  not,  or 
more  feebly. 

The  laws  of  electrolysis,  first  demonstrated  by  Faraday,  as  already 
stated  (890),  lend  the  evidence  of  mathematical  certainty  to  the  chemi- 
cal theory  of  the  pile.  Since  we  thus  reach  the  unavoidable  conclusion 
that  an  equivalent  of  electricity  is  a  chemical  equivalent,  and  so  bring 
the  discussion  down  to  the  rigid  test  of  the  balance,  the  ultima  ratio 
of  chemists  and  physicists. 

In  addition  to  the  laws  of  Faraday,  already  rehearsed,  are  the  ful- 
lowing : — 

Laws  of  the  disengagement  of  electricity  by  chemical  action, 

first  stated  by  M.  Becquerel : — 

1st.  In  the  combination  of  oxygen  with  other  bodies,  the  oxygen  takes  the 
electro-positive  substance,  and  tbe  combustible  the  cicctro-ncgativo. 

2d.  In  the  combination  of  an  acid  with  a  base,  or  with  bodies  that  act  as  such, 
the  first  takes  the  positive  electricity,  and  the  second  the  negative  electricity. 

3d.  When  an  acid  acts  chemically  on  a  metal,  the  acid  is  electrified  positively, 
and  the  metal  negatively  :  this  is  a  consequence  of  the  second  law. 

4th.  In  decompositions,  the  electrical  eflfects  are  the  reverse  of  the  preceding. 

5th.  In  double  decompositions,  the  equilibrium  of  the  electrical  forces  is  not  • 
disturbed. 

The  quantity  of  electricity  required  to  produce  chemical 
action  is  enormous,  compared  with  the  amount  of  statical  electricity 
disturbed  by  the  common  frictional  machine.  Faraday  has,  in  his 
masterly  way,  demonstrated  this  fact  by  simple  experiment. 

Ho  has  shown  that  the  quantity  of  Voltaic  electricity  requisite  for  decomposing 
one  grain  of  water,  would  be  suflScient  to  maintain  at  a  red  beat  a  wire  of  plati- 
num about  one  one-hundredth  of  an  inch  (y  j^)  in  diameter,  during  three  minutes 
forty-five  seconds,  the  time  requisite  to  effect  the  perfect  decomposition  of  the 
grain  of  water.  The  quantity  of  frictional  electricity  required  to  produce  the 
same  effect,  would  bo  that  furnished  by  eight  hundred  thousand  discharges  of  a 
battery  of  Leyden  jars,  exposing  three  thousand  five  hundred  square  inches  of 
surface,  charged  with  thirty  turns  of  a  powerful  electrical  machine. 

Becquerel,  by  a  different  mode  of  experiment,  arrived  at  nearly  the  same 
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malts.  Tbenfore^  to  decompose  a  grain  of  water,  requires  an  amount  of  elee* 
trioitj  equal  to  that  furnished  bj  the  discharge  of  an  electric  pane  haTing  a 
surface  of  thirty-two  acres.  ''Equal  to  a  very  powerful  flash  of  lightning." 
"  This  Tiew  of  the  sulject  gives  an  almost  overwhelming  idea  of  the  extraordi- 
nary quantity  of  electric  power  which  naturally  belongs  to  the  particles  of 
matter."   (Faraday  Expt.  Res.,  853-801.) 

899.  Polarisation  and  transfer  of  the  elements  of  a  liquid. — 
The  electro-chemical  theory  has  been  much  expanded  by  the  researches 
of  De  la  Rive;  be  explains  the  phenomena  of  polarization  and  the 
transfer  of  the  elements  of  a  liquid  in  the  following  manner : — 

His  theory  assumes  that  every  atom  has  two  poles,  contrary,  but  of  the  same 
force.  The  different  kinds  of  atoms  differ  from  each  other  in  that  some  have  a 
more  powerAiI  polarity  than  others.  When  two  insulated  atoms  are  brought 
near  each  other,  they  attract  each  other  by  their  opposite  poles ;  the  positive 
pole  of  that  which  has  the  strongest  polarity  unites  with  the  negative  pole  of 
that  which  has  the  feeblest  polarity.  A  compound  atom,  when  insulated,  has 
therefore  two  contrary  polarities  between  the  poles  of  a  pile ;  for  example,  the 
atom  is  so  arranged  that  its  -f-  pole  is  turned  to  the  platinum  (or  —  side)  of 
the  pile,  and  the  —  pole  is  turned  to  the  linc  (or  -f-  side)  of  the  pile.  This 
same  action  occurs  with  other  atoms,  so  that  there  is  produced  a  chain  of  polar- 
ised particles  between  the  poles  of  the  pile. 

The  oxygen  of  the  particle  of  water  nearest  the  zinc  becomes  negative, 
because  of  its  affinity  for  the  linc,  and  the  hydrogen  becomes  positive.  The 
other  particles  of  water  become  similarly  electrified  by  iDduction,  but  the 
platinum  has  become  negative  by  induction  from  the  zinc,  and  therefore  is  in  a 
condition  to  take  up  the  positive  electricity  from  the  zinc  of  the  contiguous 
hydrogen.  The  action  now  rises  high  enough  for  the  zinc  and  the  oxygen  to 
combine  chemically  with  each  other.  The  oxyd  of  zinc  thus  formed  dissolves 
in  the  liquid  (dilute  sulphuric  acid),  and  is  thus  removed.  But  the  partible  of 
hydrogen  nearest  the  zinc,  now  seizes  the  oppositely  electrified  oxygen  of  the 
adjacent  particle,  producing  a  fresh  atom  of  water.  The  particle  of  hydrogen 
which  terminates  the  flow  is  electrically  neutralized  by  the  platinum,  to  which  it 
imparts  its  excess  of  positive  electricity,  and  escapes  in  the  form  of  gas ;  and 
other  particles  of  water  are  continually  produced,  to  supply  the  place  of  those 
decomposed,  and  thus  continuous  action  is  maintained.  These  changes,  con- 
tinually taking  place,  furnish  an  uninterrupted  flow  of  electricity,  which  is 
conveniently  termed  a  Voltaic  current. 

Other  instances  of  electrolysis  are  explained  in  a  similar  way. 

900.  Chemical  affinity  and  molecular  attraction  distingoished. 
— According  to  De  la  Rive,  and  in  support  of  the  view  of  the  polarity 
of  atoms,  the  distinction  between  chemical  affinity  and  molecular 
attraction  is  as  follows :  chemical  affinity  is  the  attraction  of  atoms, 
operating  by  their  contrary  electric  poles,  which  come  into  contact, 
while  physical  attraction  results  from  the  mutual  attractive  action  that 
the  atoms  exercise  over  each  other  in  virtue  of  their  masses.  This  last 
attraction  is  never  able  to  produce  contact,  because  of  the  repulsive  force 
of  the  ether  which  envelops  the  atom,  and  which  increases  in  proportio 
as  the  sphere  which  separates  the  attracted  atoms  diminishes  (146). 

901.  Peschell's  molecolar  theory  of  the  pU  'ng  apon  * 
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opinion  long  held  by  many  chemists,  that  those  forces  which  lie  at  the 
basis  of  adhesion,  and  those  which  cause  chemical  affinity  are  not  essen* 
tially  different,  Peschel  holds  that —  When  electricity  is  generated  in  any 
VcUaic  arrangement,  it  results  from  a  molecular  change,  brought  about 
in  the  touching  bodies  by  the  adhesive  force  which  subsists  between  them. 

This  theory  possesses  the  advantage,  that  no  new  power  need  be  assamed  to 
exist,  whereas  the  contact  theory  demands  the  existence  of  an  "  electro-motif 
/oree"  of  which  we  know  nothing.  It  also  accounts  for  the  production  of  elec- 
trieity,  apart  from  any  chemical  action.  In  common  with  the  chemical  hypo- 
thesis, it  deduces  the  phenomena  of  the  single  battery  from  the  molecular  forces; 
it  considers  the  fluid  not  merely  as  a  conductor  of  electricity,  but  as  engaged  in 
its  production,  and  that  the  elements  of  the  battery,  by  the  physical  changes 
which  they  undergo,  are  the  actual  sources  of  electricity,*  that  their  contact 
renders  this  change  possible,  and  it  is,  therefore,  the  occasion,  and  not  the  gone- 
rating  cause,  by  which  the  electricity  is  produced.  By  this  view,  the  chemical 
hypothesis  is  only  a  special  case  of  the  molecular.  The  simultaneous  com- 
mencement of  chemical  action  with  the  dcTclopment  of  electricity,  and  the 
circumstance  that  the  chemical  intensity  of  a  simple  Voltaic  arrangement 
increases  and  decreases  as  the  chemical  acUon  on  the  fluid  conductor,  and  on 
the  elements  of  the  battery  is  greater  or  less,  fully  accords  with  the  statements 
of  this  theory.  It  follows,  hence,  that  the  electrical  and  molecular  forces  are  one 
and  the  same,  and  that  the  latter  appears  as  electricity  whenever  it  passes  from 
one  mode  of  operation  into  the  other,  as,  e.  g.,  when  it  ceases  to  hold  the  elements 
of  the  water,  and  so  oxydises  the  tine. 

I  4.  Electro-Dynamics. 

I.  ELECTRO-UAGNETISM. 

902.  General  laws. — Electro-dynamics  is  that  department  of  physics 
devoted  to  the  mutual  action  of  Volta-electric  currents.  These  are 
distinct  from  the  phenomena  of  static  electricity.  The  phenomena  of 
electro-dynamics  may  all  be  arranged  under  the  following  general 
propositions. 

1.  Every  conductor ^  conveying  a  current  of  electricity,  affects  a  free 
needle  as  a  magnet  would  do. 

2.  Electric  currents  affect  each  other  like  magnets. 

3.  A  magnet  acts  upon  an  electric  current  as  a  second  current  would 
have  done. 

4.  Electric  currents  in  conductors  excite  similar  currents  in  other  con- 
ductors unthin  their  injluence. 

5.  Magnets  excite  electric  currents,  and  all  the  electrical  effects  depend- 
ing upon  them. 

Hence,  when  magnetism  is  excited  by  electric  currents,  it  is  called 
electro-magnetism :  and  inversely,  when  electrical  currents  result  from 
magnetism,  they  are  called  magneto-electrical  currents. 

It  is  impossible,  in  our  narrow  limits  of  space,  to  consider  each  of  these  pro- 
positions in  full  detail.  We  shall  endeavor,  however,  to  present  those  pheno- 
mena and  their  applicati'>ns  which  are  of  most  general  interest. 
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903.  CBistod*s  disoovery.— In  1819-20,  Prof.  Hans  Christian  (Er- 
ated,  of  Copenhagen,  in  a  course  of  researches  upon  the  relation  of  the 
Voltaic  apparatus  to  the  magnet,  made  the  discovery  of  the  fundamental 
fact  of  electro-magnetism,  stated  in  the  first  of  the  foregoing  proposi- 
tiouB.  Many  physicists  had  before  sought  to  evolve  the  phenomena 
of  magnetism  from  the  battery ;  but  in  vain,  because  they  proceeded 
without  connecting  the  poles  by  a  conductor,  in  which  case,  of  course 
(as  we  now  clearly  see),  the  power  of  the  apparatus  is  dormant,  like 
stagnant  statical  electricity  in  an  unexcited  conductor.  (Ersted  closed 
the  battery  circuit  by  a  conductor;  and  therein  rests  his  discovery.  He 
found  when  such  a  conjunctive  wire  was  approached  to  a  free  needle, 
that  the  needle  was  influenced  by  it,  as  if  he  had  used  a  second  mag- 
net :  in  other  words,  the  conducting  wire,  of  whatsoever  metal  it  might 
happen  to  be,  bad  itself  become  a  magnet. 

If  positive  electricity  flows  from  south  to  north  over  a  horizontal 
<»nducting  wire,  placed  in  the  magnetic  meridian,  then  a  free  magnetic 
needle,  b  a,  fig.  653,  would  have  its  north  end,  deflected  to  the  westf 
653  654 


if  it  is  placed  bdow  the  conducting  wire,  and  to  the  east  if  it  is  placed 
abort  the  wire.  If  the  needle  is  placed  on  the  cast  side  of  such  a  con- 
ductor, its  north  end  is  dejnressed,  if  on  tiie  vest  side  of  the  wire,  the 
north  end  of  the  needle  is  raised.  Reversing  the  direction  of  the  cur- 
rent, reverses  all  these  movements. 

The  rectangle,  fig.  651,  surrounding  the  magnetic  needle,  has  three 
connections,  by  the  use  of  which  the  current  may,  at  pleasure,  be  sent 
above  or  below  the  needle. 

(Erstcd  also  found  that  only  needles  of  steel  or  iron  were  thus  affected,  and 
not  those  of  brass,  lac,  and  other  non-magnetic  substances.  He  called  the  con- 
ductor a  "  eofy'irncfirr  icir^,"  and  he  describes  the  eflfcrt  of  the  electric  current 
(or  the  "  electric  conflict,"  as  he  calls  it),  as  rettmUing  a  htlir  ;  and  that  it  it 
not  confined  to  the  wire,  but  radiates  an  influence  at  some  distance. 

The  effect  of  (Erstcd's  discovery  was  remarkable.  The  sriontific  world  was 
rip«  for  it,  and  the  truth  ho  thna  stmck  out  was  instjuitly  seized  upon  by  AngOf 
63* 
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Ampere,  Dary,  and  a  crowd  of  philosophers  in  all  eonntries.  The  aetirify  with 
which  this  new  field  of  research  has  been  ealtirated,  has  nerer  relaxed,  even  to 
this  hour ;  while  it  has  borne  fruit  in  a  multitude  of  important  theoreUcal  and 
practical  truths,  among  which  is  the  SLECTBO-MAaNETio  telegraph,  one  of  the 
great  features  of  this  age. 

904.  The  electro-magnetic  current  moves  at  right  angles 
to  the  ooorse  of  the  conjanctive  wire. — Let  a  carrent  flow 
over  a  conductor  in  the  direction  of  the  arrow,  fig.  655,  from  +  to  — ; 
a  small  bar  of  soft  iron,  or  a  steel  sewing- 
needle,  held  verticallj  before  this  wire,  be-  ^^ 
comes  instantly  a  magnet,  with  its  N.  pole 
toward  the  earth — ^place  the  rod  of  iron  on  the 
opposite  side  of  the  conjunctiTe  wire,  and  iis 
polarity  is  instantly  reversed,  as  in  the  figure.  Revolve  it  in  either  posi- 
tion in  a  vertical  plane  at  right  angles  to  the  conjunctive  wire,  and  the 
induced  poles  will  retain  their  relation  to  the  current  in  every  position ; 
t.  e.j  the  end  marked  N.  in  the  figure,  will  remain  north  at  every  point 
of  the  revolution.  If  a  steel  needle  is  used,  it  retains  polarity  after 
the  current  ceases  to  act  on  it.  If  the  bar  or  needle  be  laid  parallel  to 
the  conjunctive  wire,  then  the  (wo  sides  of  the  needle  or  bar  have  oppo- 
site polarities. 

Uence,  it  follows,  that  a  free  magnetic  needle  tends  to  place  itself  at  right 
angles  to  the  path  of  an  clcctro-magnctic  current  traversing  a  conjunctive  wire, 
and  were  the  needle  free  from  the  directive  tendency  of  terrestrial  magnetism, 
it  would  so  place  itself.  The  olcctro-magnctic  current  is,  therefore,  a  tantfential 
force,  and  acts  tangentially  upon  a  free  needle. 

Simple  as  is  the  relation  between  the  electric  current  on  a  wire,  and  the  order 
of  polarity  induced  by  it  in  a  needle,  its  corre't  expression  is  always  difficult 
To  aid  its  exact  statement  by  some  simple  formula,  Ampdre  lays  down  the 
following  rule : — 

The  north  pole  of  a  magnet  is  inmriahhj  deflected  to  the  left  of  the 
current  which  passes  between  the  needle  and  the  observer,  vho  is  to  hare 
his  face  towards  tJie  needle,  the  electric  current  being  supposed  to  enter 
from  his  feet  and  pass  out  of  his  head. 

A  verification  of  these  cardinal  principles  by  actual  experiment,  is 
the  only  way  in  which  the  student  can  obtain  a  vivid  and  lasting  im- 
pression of  them. 

905.  Galvanometers  or  maltipliers. — If  the  conjunctive  wire  is 
bent  into  a  rectangle,  fig.  65G,  so  as  to  carry 
the  current  once,  or  many  times,  around  the 
needle,  then  the  efiect  of  the  same  force  on  the 
needle  is  multiplied  in  proportion  to  the  num- 
ber of  convolutions.  Thus  Schweigger  con- 
trived his  tnulliplier,  fig.  656,  cunii>08ed  of  a 
Ilut  spool  of  fiue  insulated  copper  wire  withiu  which  the  needle  was 
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By  thia  means  a  very  feeble  current  became  quite  eensible. 
uiury  purposes,  a  few  lurns,  or,  it  may  be,  tlireo  hundred  or 
fudr  hundred  convolutions  suffice ;  but^  fur  purttculiir  purposes,  nnd 
wb«r«  the  cur- 
tent  is  very  fee- 
ble, many  lhou> 
land  feet  of  very 
ine   wire  are 

UfOd, 
In  StihUV*  do-a~ 

(T'!}T),  is  u3eJ«  in 

which  tbe  ciocMlb.%  a  6,  b'  a\  Bg.  tb7,  mn  nol 
qntu  eqBaU  lc»¥ti)g  k  very  jligbt  dir«otive 
forte  oqIj.  Fig,  •liowt  tfaii  delicste  Id> 
•ttitiiietit  in  its  laoal  perfetrt  form,  m  Qied 
in  deUrmiaing  tK«  Inwa  of  traiij<m]«8i4ii  of 
liekti  ftt  ««U  OJ  for  otfa&r  purprueB  demAod- 
ie>(^  ft  very  acDaiUv^  iii»tTiim«til,  Only  Iho 
lower  And  strong'er  ii»dt«  la  enclosed  In  th« 
belix,  D,  wbtte  iba  jtyttem  is  fiu^p-cnded  by 
%  fibre*  of  raw  silk,  bciieath  a.  glma  tbadu, 
Ufeled  three  screw  feet,  C,  The  «nila 
of  the  spool  are  seen  tt  R  K,  wbit«  by  ibe 
hciLfl,  F,  ibo  whole  inftrumont  maj  tw  re> 
TalTfld  lo  lU  ta  brLoj;  the  wire*  of  tbe  fpool 
p&ralkl  la  the  luspended  De«dle  al  rest, 
which  io  tb«  poaitioo  of  p^atest  ieiiBiltire' 
MSM*  The  aeniiitiT'envsi  of  fueh  an  amLitgC' 
mwt  b  f^rj  greaL  Suppoge,  fur  examtili'i 
Ihere  Are  live  huadrcd  rerolulioiis  in  tbo 
euil,  then  the  loweir  nesdle  U  acted  on  ona 

thounADitl  Utocf,  and  th«  upper  one  Qto  hundivd  Limes  hj  anj  girtu  I'l 
the  ofigiuol  force  of  the  ciirrcat  is  rauUipLied  fifbeen  hundred  tivaa*. 


I'  ll!  ;  (If 


dircctiug  furce  of  the  earib'i  BtagneltiiDi  «n  a 
E^itron  ne«dl0  ii  proportional  to  th«  ■qaaret  «f  lb« 
Tibratiortii  it  mnkv*  {V^ih).  Now^  asttmlng  tlial 
tlics  Dorillon  aluric  rnniie  atxly  vibratiuus  io  a 
tninuto',  an>l  as  »j!tMie  ocHKlkJ  onljr  ten,  tbvn 
we  bavfl  JittDO  :  Itil^^  mi*  tbo  numbers  represiititlng 
tha  sKaei  of  tcrr^Btrial  tnagnalbin  in  tkm  two 
caiei  {  or  it  U  tUirlj^aii  tlntoa  lesi  io  Ibe  aslJitio 
•jH^in  tb&o  In  lUe  iimple  n«cd(f>»,  atnl,  e<9n>a- 
quimtlr,  tbn  elcttrte  etirrr'Ut  will  iilTtict  llinu 
Ihlnjr-aiji  timet  iiittrn  ibaei  iftbiry  were  n<<t  ii^'a- 
tiir.  Tliv  do11et<ttng  pow^r  «f  tL«  etirnmt  iii 
qaesliun  will,  iberefiirc,  be  inr>r«tt#«4  bj  Attc^h  a 
j^lvaii<jtij«tcr.  lIiM  Al.OOn  |irn«s, 

A  IvM  «xp4»iiiiiro  funn  of  fp^U  tuffmt'Uf  i»        iu  fig.  €b9 
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900,  The  tangents  or  sine  compasd  galvanometer. — ThU 

inatruiucrit,  invented  bj  PouUlet,  m  designed  to  measure  eurrcnts  of 
grealyr  inten&jty  tban  uftu  be  measured  by  the  ootmtion  pdvatioinctcr. 
It  «lu(>€nds(  oil  lliii  e*rablifvlied  j>nnciide,  tbat  the  inteusity  of  u 
rent  ia  proportional  to  the  sine  pf  the  utigular  deviation  of  the  aeodJe. 
Th«  unglo  of  deviation  being  kuown,  and 
c«>n$cqiicntlj  its  sine,  tho  intcnmty  of  tbe 
ciirreiit  h  cspressed  iq  ternia  of  tbc  sine. 

Fig.  (HiO  sbuwa  ibe  arraogcmcnt  of  dits  iDatrm- 
mcnt,  in  wbkh  the  ciirreot,  cutemg  by  ilio  eoisdtKs- 
tor?,  if»T,  Ifarougti  Iho  ivorj  piece,  K,  circulates  a 
fi^w  tiiOL'a  oiil^,  e(iLiiDtimi!s  only  once,  over  tlte  ver- 

'i'be  magnetic  nci?fJl4?j,  w,  is  dtflocted  npi^t)  tbe  b^ri- 
suntd.1  Ltifcic,  N,  id  jtro])ortion  to  the  Furcc  of  tlio 
eum-dt  m  M,  sud  a  fcitvcr  ladtx  ooedle,  i»,  servei 
to  roeord  tho  iiDgidar  cIcvialioD  of  m  from  iu  neu- 
triil  iiciinL.  Whcu  tbc  needlo  is  al  reat^  tbe  Tcrtlcfel 
cirt-Ie,  M,  ia  required  upon  ibe  itAndard,  0,  by  ihn 
ItuttiiT},  A|,  nutU  \\a  piano  Qoincirtvs  ^itb  tbo  filatio: 
of  duvinLioD  of  m,  aad  ibis  Ang'idiir  dUtanci}  tt  < 
then  read  off  by  tho  vernier,  C,  upon  tho  lower 

graduftted  circle,  U,    Tlita  gulvatiomotcr,  or  *  —  ~  — 

■implcr  madificrjuiion  of  it^  is  the  form  of  iastrameiit  ^nerftlly  tued  In  clMtM- 

ntagdetio  rofcarcbcs. 

907*  Rheostat— This  simple  contrirane^^  of  \Vbeftt«tmie**  s^nes  ta 
introduce  a  longer  rvr  shorter  cortduetmg  wire  into  anj  uirouitt 
teiisUy  of  which  tt  ia  proposed  to  jueoAure  by  the  galvanomcler. 

Smco  tbii  lutcuxtty  cf  thu  curi-eot  ia  inTcrsiily  n«  Ibti  lengih  of  tbo  circoU 
wo  moy,  by  iuercn^iTig  or  diinini«^hing  that 
Icngtb,  pr^ttltieo  frnm  nuy  ciirrcuL  «  delpr- 
lnitiJlt4j  dtTitiliiiU  (sjiy  30**),  on  iho  paUu- 
n&mi5tur.  Fig,  fiOl  jshawj*  this  nrrntiji^ctuunt, 
^otEipOtod  of  twa  cqnni  and  pamllvt  cy1i«. 
dor«,  one  of  wood,  ■ad  the  atb^r  of  braMs. 
A,  ■upp»rl«(l  in  fi  frjtmc-wurk  nDd  nHvolving' 
on  Ui*ir  centres.  U  is  proviiled  with  a  «|n< 
ral  gTOovc<,  la  vbicb  iho  lunia  of  h  copper 
eondanin^  wire  tuny  bo  Inui.  One  eud  of 
tbUwire  is  tkl  n,  iu  connection  with  llie  cnr- 
ront  polct  o.  Thu  wire  inoy  ho  wwniii 
on  B,  in  wbioli  fmn  thv  furrtfnt  piiesL-s 
thrtiagb  its  nbulu  lirngtli,  nod  i:»i!iifH>F  At  jf, 
tbr«i]ffb  fho  minaUic  coni»octK<n  of  it*  cud, 
*,  with  A.  If  it  ij  desirtd  to  fiJiorli'ti  Ijie 
^onduetfift  tho  linltdlc,  d,  u  put  ou  tha  axit,  e,  and  A  i«  r(>Tr>Ii-ed  frntfi  left  to 
Hgbt.  uuiil,  M  III  tlif!  cut,  ottc-liiiir»  for  c»»mf4*>,  of  tho  coddurtur,  b  wtiuod  cn 
A.,  lini  A,  bfdng  a  mPtJtllie  trondui^tor.  tl*«  currwut  piisjo  to  n  by  tlic  »l(t»ruiwt 
ooiirw,  oAd  th«  oul  j  pMt  vC  the  wirt  lo  fteiiwti  t*  wlmt  romfiliifl  woand  on  B, 
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•ad  thi*  qnaatiiy  is  read  off  bj  an  index  and  fnradnation  engravod  on  the  farther 
•ads  of  the  cylinders.   This  apparatus  is  indispensable  in  exact  observations. 

908.  Ampere's  electro-magnetic  diBCOveries  and  tlieory. — Im- 
mediately after  the  first  announcement  of  GBrsted's  discovery  of  the 
magnetic  powers  of  a  ooDjanctive  wire,  Ampere,  one  of  the  most  re- 
nowned of  the  French  physicists  (born  1755 — died  183G),  commenced  a 
series  of  experiments  (September,  1820)  to  determine  the  laws  con- 
cerned in  these  curious  phenomena.  Of  three  principal  hypothesis 
which  he  framed  to  this  end,  he  finally  accepted  and  demonstrated  the 
following,  yix. : — 

A  magnet  is  composed  of  independejit  elements  or  molecules,  fohich 
act  as  if  a  closed  eledrie  circuit  existed  within  each  of  them :  in  other 
wordSf  each  of  these  magnetic  molecules  may  be  replaced  by  a  conjunctive 
wire  bent  on  itself,  in  Vfhich  a  constant  current  of  dectricify  is  maintained, 
as  from  a  Voltaic  circuit. 

This  hypothesis  he  maintained  by  singularly  ingenious  experiments,  many  of 
wiiieh  were  the  direct  suggestion  of  the  hypothesis  itself,  and  he  brongbt  all, 
by  his  power  of  mathematical  analysis,  into  exact  conformity  with  his  theory. 
This  theory  recognises  only  such  forces  as  are  common  to  mechanical  physios, 
■ad  often  called  "putk  and  pull"  forces.  These  forces  are  mutual,  and  belong 
to  all  electric  currents.  In  permanent  magnets,  the  minute  circular  and  parallel 
currents,  pertaining,  by  this  theory,  to  each  magnetic  molecule,  all  act  at  right 
angles  to  the  magnetic  axis  or  line  of  force.  Hence,  as  in  CErsted's  experiment 
(903),  the  magnetic  needle  strives  to  place  itself  at  right  angles  to  the  path  of 
the  current  on  the  conjunctive  wire,  it  follows,  that  currents  in  the  magnet  seek 
a  parallelism  to  that  in  the  conjunctive  wire.  Granting  this  to  be  true,  it  fol- 
lows, as  a  corollary  from  the  premises, — 

1st.  nat  two  /ret  eouducting  teirtt  mutt  attract  or  repel  each  other,  according 
to  tk0  direction  of  the  eurrentt  in  them. 

2d.  That  a  conjuuctite  wire  may  be  made  in  all  respect*  to  timulate  a  magnet. 

909.  Mutual  action  of  electric  currents. — Parallel  currents  attract 
each  other  when  they  flow  in  the  same  direction.  Thus,  in  fig.  CC2,  where 
the  arrows  and  the  signs  +  and  —  indicate  the  flow  of  the  currents  to 
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be  identical,  there  is  attraction,  while,  in  fig.  GC3,  the  same  signs  show 
the  currents  to  be  reversed,  in  conformity  to  the  law  that: — Parallel 
currents  repel  each  other  when  their  directions  are  opposite.  To  illustrate 
these  laws  experimentally,  one  of  the  conductors  should  be  fixed, 
and  the  other  movable.  The  following  simple  apparatus  also  ill* 
trates  these  laws,  and  several  other  points  of  interest  presently  to 
noticed. 
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De  La  Rive's  floating  onrrent,  fig.  664,  is  a  littlo  battery  of  amalga- 
mated BtDC,  X,  and  copper,  c,  or  sino  and  platinum,  8ot  afloat  by  a  disc  of  cork, 

a  b,  whose  polos  -}~  &°<i  —  connected  by  a  conjunctive  064 
wire, « (.  When  tbis  little  float  is  placed  in  a  vessel  of  acidu- 
lated water  (water  with  one-twentieth  sulphuric  acdi),  an 
electric  current  flows  in  the  direction  of  the  arrow.  Then 
join  the  poles  of  a  single  cell  of  Grove's  or  Smeo's  battery 
by  a  conjunctive  wire  of  convenient  length,  and  stretching 
the  wire  between  the  two  hands,  approach  it  parallel  to  « f ; 
if  the  current  is  flowing  in  tbe  same  direction,  the  float  will  be  attracted  to  the 
wire  in  the  hands;  if  otherwise,  repulsion  is  seen.  If  the  two  wires  are  not 
parallel  to  each  other,  then  the  movable  current  seeks  to  take  up  a  position  of 
parallelism,  or  one  in  which  the  two  currents  have  a  similar  direction.  A  little 
rectangular  frame  of  wood  3  X  ^  ^^'t  ^  wound  with  ten  or  twelve  turns  of 
fino  copper  wire,  covered  by  silk  in  the  manner  of  a  665 
galvanometer,  and  its  free  ends  connected  with  a  bat- 
tery will  give  a  stronger  current  By  simply  turning 
the  frame  in  the  hand,  the  direction  of  the  current  is 
reversed. 

Roget'8  oscillating  spiral,  fig.  665,  also  illus- 
trates the  law  of  attraction  of  parallel  conductors.  Here 
the  conductor  is  coiled  into  a  spiral,  which  is  suspended 
from  the  tup  of  an  upright  metallic  standard  in  con- 
nection with  one  pole  of  a  battery,  while  the  other  end 
dips  into  mercury  in  the  glass,  in  connection  with  the 
other  pole,  K.  When  the  poles  are  joined,  each  turn  of 
the  spiral  attracts  tbe  next  turn,  shortening  the  spiral, 
and  breaking  the  mercurial  connection,  with  a  spark.  The  weight  of  the  spiral 
then  restores  the  connection,  and  thus  a  continuous  oscillating  movement  is 
kept  up. 

We  add  the  followinpj  general  propositions  on  this  suhject. 

1.  Two  currents  following  each  other  in  the  same  direction,  as  also 
different  parts  of  the  same  current,  repel  each  other. 

2.  Two  fixed  currents  of  equal  intensity,  flowing  near  and  parallel 
to  each  other  in  opposite  directions  (as  when  tlie  same  wire  returns  on 
itself  without  contact),  exert  no  influence  on  a  fixed  current  running 
near  them:  in  other  words,  they  exactly  neutralize  each  other,  and 
their  effect  is  null. 

The  rotation  of  electric  conductors  about  magnets,  and  the  reverse ; 
the  rotation  of  a  magnet  on  its  own  axis  by  an  electric  current,  and  the 
rotation  of  electrical  conductors  about  each  other,  are  all  points  most 
curious  and  instructive  to  trace,  did  space  permit.  The  student  will 
find  these  principles  very  neatly  illustrated  by  appropriate  apparatus 
in  Davis's  Manual  of  Magnetism.  The  researches  of  Henry,  Page,  and 
other  American  physicists,  have  made  very  important  additions  to  this 
department  of  physics. 

910.  Helix,  solenoid,  or  electro-dynamic  spiral. — By  winding 
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the  eotynncliTe  wire  into  a  heltx,  as  in  fig.  C66,  and  carrjing  the  wire 

l>.vk  iigfihi  tUrumi^h  the  niis  of  this  COS 

ipiral,  C     ihe  effects  of  the  enmint       ^  -r^ 

frtim  A  lo  B«  will  be  neulralizcd  by         A  fi/Q\Am 

ttn  return  from  B  to  U,  and  there  will 

remain  only  the  oSect  due  to  ita  spiral  rcToIution  attout  €  Anipfere 
cnlk'il  this  furm  of  the  wire  a  solenoid.  The  eSect  of  the  helix  tima 
wmtitJ,  )i4  reduced  soleTj  to  th©  influQnce  of  a  series  of  eipiivl  and 
paruUnl  circular  currenta.  By  winding  the  eilk-coverej  wire  in  the 
nmntier  Ahown  in  fig.  607,  the  two  ends  of  the  coil  aro  returned  to  the 
ottDtre  of  griLvltv*  and  heing  ]>oitited  GG7 
with  ftteel,  the  wh»>]e  system  can  he 
ootifenientty  su^p^tided,  bit  in  fig.  COB, 
upon  what  h  calii^d  an  Atup^re'B 
frame,  in  whkh  the  arrows  a  how  the 
qoarste  of  the  current  from  the  biitterj  B*! 
to  the  hetlx  or  solenoid  thus  suspended* 
Whetj  the  current  is  established,  the  ajtia  of  the  solenoid,  A  B»  a  wings 
into  the  magnetic  meridian,  while  ita  sever ul  epires  are  in  the  plane  of 
the  majTnetic  equator.  Thii  position  flus 
it  iis^umes  in  obedience  to  the  soU- 
oitation  of  terrestrial  magnetism ; 
eon»«qiientlj  it  simulivtoe  in  all  rcy 
epcet«  the  chariieter  of  a  magnetie 
needle,  although  poaseesing  not  a 
particle  of  iron  or  ateol  in  Its  fitruc- 
ture.  If  a  seeond  holix*  6,  throu;.'h 
which  aj«i>  ft  current  passes,  is  nnw 

ntcd  to  the  fir^t^  m  in  fig.  OG;?^,  all  the  phcntimena  of  attraction 
d  r«puUion  will  bo  seenf  the  action  of  the  two  helices  or  solenoids 
being  to  each  other  exactly  liko  those  of  two  U9 
magnetn^ 

Be  La  Rive's  floating  current,  already  ex- 
plained in  i  909,  is  also  well  adapted  to  illustrate 
the  (ittractive  and  repulBive  iofiuenccof  a  magnet 
on  a  free  eonjuncllTO  wire,  aa  well  also  as  ita  obe- 
dieiice  lo  llie  folicilatiotia  of  terrestrial  magn(*t- 
Um.  Fiir  this  purpose  the  conjunctiye  wire  is 
wound,  ft*  in  fig.  601),  into  a  helli.  Left  to  itself, 
thi«  apparntutt  witl  not  jutt  ab  the  tolenoid  on  the  frame,  fig.  and 
will  obey  the  impnUee  of  a  iniij^iietic  bar«  or  of  another  ardenoid. 
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911.  Directive  action  of  the  earth. — These  effects  are  ezpreued 

in  the  following  law : — 

Terrestrial  magnetism  acts  vpon  electric  currents  just  as  if  the  entire 
globe  was  encircled  toith  electric  currents  from  E.  to  W,  in  lines  parallel 
to  the  magnetic  equator. 

The  direction  in  which  these  currents  are  supposed  to  move  is  the 
some  with  the  apparent  motion  of  the  sun,  and  the  one  in  which  the 
earth's  surface  receives  its  advancing  rays ;  and  since  it  is  now  known 
that  electrical  currents  generated  by  heat  exert  precisely  the  same 
influence  on  the  magnetic  needle  as  Voltaic  currents  do,  therefore  it 
has  been  inferred  that  the  thermal  action  of  the  sun  is  the  generating 
and  maintaining  cause  of  the  currents  of  terrestrial  magnetism  (801). 

912.  Magnetising  by  the  heUx.— Wo  have  already  (805)  described 
a  mode  of  producing  magnets  from  an  electrical  current.  The  explsr 
nation  of  this,  after  all  that  has  been  said,  is  easy.  As  each  volute  of 
the  helix,  carrying  an  electric  current,  is  itself  an  active  magnet,  it  is 
easy  to  conceive  that  under  the  united  influence  of  a  great  number  of 
such  circular  and  parallel  currents,  the  coercitive  force  of  a  steel  bar, 
or  bar  of  soft  iron,  should  be  decomposed,  and  active  magnetism  be 
thus  induced,  permanent  or  transient,  according  as  steel  or  iron  is  the 
subject  of  experiment.  Even  a  series  of  sparks  from  an  excited  elec- 
trical machine,  passed  through  a  helix,  will  magnetize  a  steel  needle. 

Tho  position  of  the  poles  in  a  bar  so  situated  will  depend  on  the  right-handed 
or  left-handed  twist  of  the  spire.  If  tho  current  flows  from  -|-  to  — ,  and  tho 
wire,  as  in  fig.  670,  turns  from  670 

left  to  right  (like  the  hands  of   

a  watch),  then  tho  north  polo  "zZAjCTjiC^^ \  ^^^TV^^'^PS^^"^'* 
of  tho  magnet  is  toward  tho  1  JTTlo  U '  «       \r\'  -^-j*^^-^^ 

left ;  but  if  tho  spire  turns,  as  ^ 
in  fig.  671,  from  right  to  left, 
or  opposite  to  the  bands  of 
a  watch,  then  the  poles  are 
reversed.  The  following  sim- 
ple formula,  by  Faradaj',  will 
always  enable  the  student  to  ^"^^ 

obtain  definite  notions  of  the  polarity  of  the  helix: — "Let  a  person,"  observes 
Faraday,  "imagine  that  he  is  looking  down  upon  the  dipping  needle,  or  north 
magnetic  pole  of  the  earth,  and  then  let  him  think  upon  the  direction  of  tho 
motion  of  the  baud  of  a  watch,  or  of  a  screw  moving  direct;  currents  in  that 
direction  would  create  such  a  magnet  as  the  dipping-needle." 

If  tho  helix  is  wound  on  a  tube  of  glass,  paper,  or  wood,  these  substances 
offer  no  resistance  to  the  passage  of  the  power ;  but  if  a  tube  of  copper  or  other 
metal  were  employed,  tho  magnetizing  power  of  the  current  on  the  enclosed  bar 
would  bo  destroyed. 

If  the  same  helix  is  wound  in  two  opposite  directions,  as  in  fig.  672,  then,  accord- 
ing to  tho  direction  of  the  current,  there  will  be  a  pair  of  north  poles  at  tho 
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of  vnvmA  in  Ui«  eentro  (or  «  pAir  of  tooth  ones),  mud  tbo  two  ^nde  wilt 
Ihf  •rnn*  Timtifk,    A  ba-r  of  ttecl  plawd  iti  «utt  &  bolix  g»2 
will  r«m»)u  i^cftrirmmllj  nn  mnopniloua  magnet  {77^)^  Be^- 
Ttrvint;  iht  pocition  of  tbo  bar  in  tbc  bctix,  or  rc^vcrsing  tbo 
iKiaitiati)  rif  tbe  ekctro(lc«  to  tke  bindlsg  eupa,  wUI  revBTiQ 

Atago's  original  experiment,— if »  *l5ort  cphJihk*- 

lire  ftLna  df  coppiir,  or  any  uoa-conducLtng  m«tal,  h  lirewo 
iron  filingf,  thej  will  arrao^  Ibemaclve*      soon  in 
$7ii,  not  brUtling  »4  ia  the  iii»go«ti«  pbsBtonn,  with 
H^lpoilte  poliiritiej!  (777),  but  id  close  coDevDtrie  ria£«^  disposed  orer  tbe  wboU 
length  of  the  eoDductor.  ThU  fiict       observed  1^73 
bjr  ArmgOi  in  1S24,  uid  by  otbcrrfl,  before  tbe 
ippU«»iioa  of  Ibe  belix  to  Iba  iadnctiga  «f 
bagnctiiim  In  foft  iron. 

When  tbe  betix  It  ctoselj  vouDd  witb  djub  j 
tumt  of  UtfuliLted  wira,  mud  «xeited  by  n  bat- 
t«rtf  of  eontldcrsblo  qanatitj,  a  cjlindor  of 
tud  irt>ii,  u  tt     ID  fig.  (t74j  will  be  dr&WD  into 
it  from  th«  petition  teen  jn  the  figure,  witb  great  p^^wer,  and)  aficr  tfcvoral 
o«eitUtion«,  will  eutne  to  rest  io  the  tniddlo  of  Iti  longtb,  in 
'C»ppo»iltua  to  gTa.Titjt  rca.li»ing  Lb*  fabia  of  MubornM's  coffin, 
■uj|i«n'lc>d  in  mid  sir  without  vitiibU  support.    Tbia  axitil 
aoTomonl  li  of  in  tb«  clectro-magnetia  (jDgine. 

913.  mectrO'inagiKetfl. — Ejectrft-ratignets  are  masses 
of  Btiftiron  wound  with  cmis  of  closely  packed  and  insu- 
lated copper  wire,  varying  in  size  and  length,  jtccording 
ti*  the  use  to  1)6  timde  of  them.  Fig.  673  showa  the 
uauzl]  furm  of  ttiose  designed  to  sustain  grout  weights. 
ThQ  9p(>i.>ls,  A  and  B,  ftte  rirtuiLlly  continuatiuna  uf  one  spiol,  the  dired^ 
titm  of  the  whorl  heing  appareatlj  revcrjied  by  tlie  bend  of  the  horse* 
«h<j««  If  a  kTer  of  the  third  ord<?r  (113)  is  used  as  a  gteeljard,  the 
lumber  of  hearj  weights  h  avoided  in  the  use  of  these  inetrtimonte, 
fwd  the  power  of  the  appartilai  is  easily  tested. 

Electro-magneta  derelop  their  surprising  power  only  when  the  arma- 
ture is  in  contact  with  the  polef^^  a  fact  due  to  induction ;  without  their 
arinature»,  they  sustain  not  a  tenth  part  of  their  maximum,  load.  They 
are  capable?  f>f  0Ter-saturatiL>n  by  an  excess  of  battery  power,  and  afler 
tliut  has  Ix'cn  cut  off,  tbey  retain  a  remarkable  residual  f4)rce  so  long 
as  the  keeper  is  in  place,  but  as  soon  as  the  armature  is  detached,  Ibe 
whole  of  this  residual  magftetiam  is  lost.  Their  polarity  is  instanta- 
neously reversed  by  reversiog  the  polos  of  the  battery.  This  coniph;to 
and  immediate  paralysii  and  reversal  uf  power,  renders  these  magucta 
of  ineatiinuble  value  in  experitnenial  resenrchea, 

SttUfton,  of  Bngfond,  la  ISXfi^  *pp««r«  bo  have  bc«i  ||  -9du««  10ft 
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iron  tleetro  mngneta.  Prof.  Henry,  ftud  Dr.  Ten  Ejfck.  in  1  $30,  iirodtioad  ft* 
first  cleclro-mftgnBts  of  ^^aat  pawor,  bj  ii  ii^w  mode  of  winJiog  tiic  ifida«i»f 

coit.    ( A(«,  Jour.  SoL  [1  j  XIX.  400.) 

Prof,  lliinry,  an  a  awft  initi  liar  of  ftftj.mn«  lbs.  woigbt,  ti*cd  lwtrtily-*ix  coJli^ 
of  wire,  LfairtecTi  oa  caeli  leg,  oil 
julnod  to  a  ooinmoa  f onJucLor  bj 
their  opposite  cnda,  nod  bn^io^ 
an  aggregato  lengib  <>f  s&rou  burn- 
inA  vtd  Lifcotj-eigbt  feeL  Tbb 
apparatus^  with  a  battcrj  of  four 
aod  ieTOD-niiitUB  foet  of  iturface, 
fti^iain^d  ttro  ihouaand  udiI  Aixty- 
tbreo  pounds  nt'oirdupois  :  vritli  a 
litilo  larger  baltcrjr  ^arfAce  U  aua- 
tuiued  Iwonty-five  hnndft^d  ibs. 
Till*  (sleotfo-mngnet  was  (?o»' 
fltriiotod  for  Yttic  Col  legs  Labors- 
tor^-,  iti  antl  is  atUl  ftiuuDg 

Mr.  J,  P.  Joule  (Annals  of 
Elflctricitjf  V.  187),  in  1840, 
can&trticUU  soft  iron  electro- 
mngneta  of  peculiar  f(*rm,  l>e- 
in;?  in  fact  tules  with  very 
thu'k  will  Is  cut  awnv  od  one 
aide  kngthwii?^,  nnJ  wound  in 
ihe  directiim  of  the  knf*;tli ; 
one  of  wliiijhj  weighing  15  lbs., 
held  2090  I  ha,,  equut  to  nenrly 
l-iO  times  iti  own  ireight.  It 
was  wound  with  4  covered  cop- 
per wires,  -^j  inch  iliameter,  and  each  23  feet  long  only,  the  length  of  the 
soft  iron  being  8  mche.«i,  and  ita  outer  diameter  three  inches.  AnoUier 
nmgnet  weighing  1057  grftins  supported  twelve  pounds,  or  1286  Itmo* 
its  own  weight ;  and  a  very  minute  one,  which  weighed!  only  63*3  gfftlna, 
carried  on  one  occasion  HIT  grains,  or  2S34  times  its  own  weight.  The 
luiii  U  more  than  elurcn  times  tlie  propurtionate  htud  uf  the  e«k*hrated 
(iiagnet  of  Sir  Isaac  Xewton,  ^  SOJj. 

^\4,  Page's  levolvlng  electxo>magnet,  fig.  fir^,  itir«»r4c  lati 
evidenn  of  th«  great  mijidiiy  with  wbif^b  a  ma&s  of  soft  iron  may  rrc*! 
part  with  maxnetiiitn,  hn.viug'  its  polarity  reversed  aUo  hy  a  rhnngv  iff  Jr 
Iq  tbii  metramvnt,  a  pcnoanont  U  mt^gutsl  ha«  a  vortical  tplfullo  ini  ilj  axit, 
tbe  upper  end  of  which  u  placed  a  mau  of  ioJ\  ir<yi»,  fU^stlotd  l"  r*^if  e  (ndu 
iBngtie<ti3m  through  tho  carered  wire  with,  which  tt  is  wimnd,  and  wlmat  vtida 
fuproflcnted  by  Ibe  tiro  screw  enp«,  one  on  Mck  eido.    By  a  aimplo  «<6otriratk 
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ftii  ifiU-miptcr,  ar  breifck-rtlee«  (formed  by  BAw'tug  a  sQrer  fermlv  <»n  lh« 
Uiio  iwu  pttfU  hy  TorUtTfll  etita),  the  contiouitj 
©f  tins  curreni  it  iutt^rniptcrl  twice  in  OTory  rovolu- 
tbn,  wilt; a  ibe  pusUUiD  of  tlie  umntan  if  as  seen 
ia  iha  figure,  Tbe  eScscrt  <»r  ibui  ftrrnugtnictit  u  to 
pftrAljrio  thu  masact'io  force  at  tbe  right,  ioRtiiDt  to 
{icrrait  tbe  momiiiitiiui  cif  tlie  muii  to  earry  Ilia 
uriniiituro  bjr  the  p&let  of  the  mmgnet,  whoa 

tbe  b«tt«ri^  ec»Rticctif»h  b  Again  eonipletedr  btw 
m^gntsiism  mAncvil,  Aud  Lhe  uialioa  ccatinuGd  us 
tcfore.  Such  ft  Utile  iimgnctie  ^Dgiue  maj  reruWo 
with  A  rolohcity  of  SUOM  lime*  6  mitiute,  equ*l  to 
4i0fl  roTcr»i»I*  of  pttliirity,— ««ch  rcTmnl  being 
ftc^utdpftiikd  by  A  paf«iT«  iDtcrriLl,  wbea  tlie  saft 
iron  l«  tiu  tttftgDcu 

915*  Power  of  eIectio*magiieta.— The 
iHiwer  of  clcctro-magTiets  dependa,  lat,  on  the 
intensity  of  the  current ;  2i!,  on  the  number 
of  wharU  m  the  holix ;  3d,  on  ttie  kind  and 

abape  of  the  iron  bar ;  4th,  on  the  ftirtn  and  size  of  the  keeper  or  armn- 
ture.  These  pomta  have  been  Btudled  hy  Lenx  and  Jacobi,  and  many 
otherfi,  of  whom  the  reaultB  of  Dub  are  the  most  recent.  Dub  dislin- 
gulsbes  bct^eeQ  magnett&m,  attraction,  and  su&taining  power,,  in  eli^ctro- 
confinmg  the  term  magnetism  to  the  mngnetic  excitation  duo 
rbttnic  current,  Lciu  and  Jacobi  measured  this  bj  mean*  of  the 
induced  current  excited  by  the  vaniBhing  of  the  mftgnetism  to  which  it 
b  proportional.  When  a  second  bar  of  soft  iron  is  enueed  to  approach 
tb«  first,  this  also  becomes  magnetic  (by  induction],  and  by  M-fo!d  mag- 
pdunA^  ti^  timea  the  attractioii  Is  product^d ;  until  actual  contact  hap> 
pena^  when  this  ratio  Is  no  longer  maintained. 

Dub  gives  the  following  summary  of  lira  results; — 
1,  The  attraction  of  U-sbaped  «]ectro^niagnet9,  with  an  cqud  number 
of  windings,  is  proportioaal  to  the  squares  of  the  magnetising  current 
force. 

The  attraetion  of  U  magnets  ls,Tfith  equal  currents,  proportion  at 
to  the  square  of  the  number  of  windings  of  the  magnetising  ispirab* 

3,  The  attraction  of  U  magnets  is  proportional  to  tho  square  of  the 
current  force  multiplied  by  the  square  of  the  number  of  winding*. 
[This  is  true  alike  for  attraction  and  sustaining  forces  both  in  straight 

[id  in  U  magnets.] 

4,  The  magnetism  of  massive  cylinders  of  iron  of  equal  length, 
maginitjzed  by  Voltaie  currents  of  equal  forces  and  by  spirals  of  an 
equal  number  of  windings,  closely  surrounding  the  core,  is  accurately 
proportional  to  the  square  roots  of  llie  diameters  of  these  cylinders. 

1^    fi.  For  the  particular  case  ia  which  the  etirfoee  of  contact  does  not 
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disturb  the  result,  the  attraction  and  sustaining  force  are,  with  equal 
magnetizing  forces,  proportional  to  the  diameters  of  the  bar  or  U- 
magnets. 

6.  The  attraction  of  bar  and  U-shaped  electro-magnets  with  equal 
magnetizing  forces,  increases  the  nearer  the  whole  of  the  windings  are 
to  the  poles. 

7.  The  attraction,  like  the  sustaining  force  of  U  electro-magnets — 
other  things  being  equal — remains  the  same,  whatever  be  the  distance 
of  the  branches  of  the  magnet. 

8.  The  length  of  the  branches  of  a  U-shaped  electro-magnet  has  no 
influence  on  its  attractive  or  sustaining  force,  if  the  windings  of  the 
spiral  surround  its  whole  length. 

In  addition  to  these  laws,  the  author  has  found  that  the  attraction 
which  a  helix  or  spiral  exerts  upon  a  soft  iron  bar  placed  in  its  axis, 
follows  the  same  law  as  an  electro-magnet ;  hence  it  follows,  that : — 

9.  The  attraction  of  a  spiral  is  proportional  to  the  square  of  the  mag- 
netizing current,  multiplied  by  the  square  of  the  number  of  windings.* 

The  sustaining  power  of  an  electro-magnet  increases  witli  the  mass 
of  the  armature  up  to  a  certain  point,  not  exceeding  the  mass  of  the  ^ 
electro-magnet  itself ;  and,  moreover,  Liais  has  shown  that  an  arma- 
ture whose  face  of  contact  is  not  over  one-third  the  breadth  of  the 
poles  to  which  it  is  applied,  gives  a  maximum  effect 

For  some  curious  results  with  circular  and  trifurcate  electro-magnets, 
and  the  applications  of  this  force  to  "  break  up"  railway  trains,  con- 
sult the  papers  of  Prof.  Nickl^s  (Am.  Jour.  Sci.  [2],  XV.,  104  and  380 ; 
and  XVI.,  110  and  337). 

916.  Vibrations  and  musical  tones  from  induced  magnetism. — 

Dr.  Page,  in  1837,  noticed  tbo  production  of  a  musical  sound  from  a  magnet, 
between  the  polea  of  which  a  flat  spiral  was  placed.  The  sound  was  hctrd 
whenever  contact  was  made  or  broken  between  the  coil  and  the  battcrj.  Two 
notes  were  distinguished,  one  the  proper  musical  tone  of  the  magnet,  and  the 
other  an  octavo  higher.  De  la  Rive,  Dolezenne,  and  others,  have  confirmed 
and  extended  those  curious  observations.  The  existence  of  molecular  disturb- 
ance in  receiving  and  parting  with  magnetic  induction,  has  been  farther  illus- 
trated by  the  same  ingenious  observer,  by  the  vibrations  imparted  to  Trevellyan's 
bars  by  the  current  from  two  or  three  cells  of  Grove's  battery.  (Am.  Jour.  Sci. 
[2],  IX.,  105.)  Trevellyan's  bars  are  prismatic  bars  of  brass,  hollow  on  one 
side,  so  as  to  rest  by  sharp  edges  on  blocks  of  lead.  When  these  arc  gently 
wanned,  and  then  laid  upon  the  leaden  blocks,  the  unequal  expansion  and  con- 
traction of  the  two  metals  gives  the  brass  bars  a  slight  motion  of  vibration, 
due  to  molecular  diHturbanco  by  heat.  A  Voltaic  current,  according  to  Dr. 
Pago's  observation,  produces  the  same  effect  as  heat,  but  more  remarkably. 

917.  Electro-magnetic  motions  and  mechanical  power. — The 


•  Am.  Jour.  ScL  [2],  XVII.,  424. 
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fnailitj  with  whicli  innsscB  of  hou  mnj  endued  with  enormous 
mngoetic  power  bjcurrentBof  Voltaic  ekctridtj*  und  again  dischnrget!, 
or  reversed,  in  polarity,  hud  \&d  to  nvtmherlem  coiitriTanccs  to  am 
power  n  mechaniuid  agent,  A  great  Tunety  uf  pleasiug  and  in^lrue' 
tive  mudel»  of  such  inaclibe^,  wUh  tl»6  %XBt  both  of  perm  ABC  nt  mugnctB 
And  of  dcctro-uangnclic  arrnatiures,  of  of  elcjclro-tnngneta  oidj,  are 
describcid  in  Davis'a  JIanual  of  Maguetism.  Tbe  revolving  arnmturo, 
fig.  67 ti,  b  one  of  (bcfite. 

We  annex  a  fipire  of  an  electro- magnetic  engine,  fiimilar  to  one  by 
wliich  Dr.  Page  obtained  a  useful  effect  of  ten  horse-poweff  in  driving 
Biiictiint'rji  and  tnitiB porting  a  railway  train.    A  and  B,  fig,  C77,  are 

67  7 


two  Terj  powerpnl  hfilit^ea  of  insulated  copper  wire,  witKin  which  are 
Iwo  heavy  cylindcra  of  soft  iron,  CD,  counter- bnlunced  on  the  ends  of 
a  heain,  U  F  I,  like  the  working  beam  of  a  s team-en f^ine.  By  the  moTC- 
mcnt  of  nn  eccentriCt  on  the  mmn  shtutt  uf  the  fly-wheel,  the  poles 
aro  changed,  at  (he  muinPnt,  to  magnotine  and  de-ma g^eltze,  altcr- 
Daielj*.  tbe  Iwo  helieca,  drawing  into  them  ihe  twn  soft  iron  cylinders, 
by  a  force  of  many  hnndre^J  pounds.  Prof.  W.  U,  Johnson  tested  tho 
force  of  an  engine  of  iUIb  kind  built  ly  Dr,  Pnge,  in  1850^  and  found 
!t  to  gi¥«  about  «)X  and  n  half  horse-power.  (Am.  Jour.  Sui.  [2],  X., 
472.1 

JL  jMKibi,  of  f^l.  t^etersburg'b,  hdf  studied  tliit  i abjifct  Tcry  cj»r*fulty,  and 
hns  c^mUivuti  an  eflVeiivts  form  of  rrtt&titig  itiacbinc,  very  eimil*r  lo  ttiat  of 
Cook  aui)  Davenport,  to  irvU  kaaito  in  the  roited  SliiU-4  lU  18^7.  Fruiuunlt 
of  PjiriK,  liu  flUu  cDuslrucicd  a  puwurru]  Hprrftmiui  of  tbis  aort,  iu  wLicb  iriDi»< 
inrn*  of  Kuft  Irua  on  Ute  periphery  of  m  ttbocl  ftro  drivn  towArda  el«elrO't»a|pi«t« 
pUrcd  radially. 

If!  ivll  tliinKS  mnrljitioii,  il  is  hvM  ilofialuped  by  clieiij»e»l  jitUon  llial  «  Lr»hs- 
forraBilt  lu  th«  (>ifm  ot  uia^Dono  ftttr«ctioti,  into  iiiccb*tiicftl  work  An 
th«  roault  of  n  grebt  mikny  citusrimtsnti,  Mr.  Juak  bu  iliown  Uiit  Uie  but  tlneo* 
r«Ucxd  result  from  lh«  hitftt,  e<tuivi.t«at  to  tb«  foliiUon  of  a  grwiu  of  tiaa  in  i, 
6i» 
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bnUcrr,  is  eiglitj  \hs^  raised  oi  _ 
C«rni4b  boikr^  raises  one  fauDiIr«(l  and  fDrtj-tbri^  lb«.  utie  foot,  and  thv  iititfrt  of 
lh«  «oat  ia  to  that  of  the  lia?  tit  0d.  per  cwL  to  21 6d.  per  twt.  T!  '  i  Jef 
IbD  best  coodltioDi  {vbith  arc  Dover  rcncbtd  in  practice),  the  iti  '  Ii 

2S  ltm«9  dearer  than  that  of  ite&m.  0tiU],  tbcrefitfirj,  tiae  it  cfa  oal, 
in  Ibo  prti|iorli0(i  of  SO  lo  113,  ooal  wiU  probably  l«  bursed  ia  u  lif, 
firvfcrablj  to  tU«  cotnbuetwii  iidc  in  dulpburlo  acid,  to  prudkj> '  'i.^c*! 
work, 

918.  Comremion  of  magnetism  Into  beat, — Foacftalt  Iim  tbowa  ilut 
tJie  magDetijiD  iaductd  lu  a  disc  of  copper  rt?FoJviiig  b«tiretro  tbv  fitdoi  of  in  dfo- 
tro^magnortji*  cooTeftcdiiilobcftt-  <Sfg 
Fortbli  pvtTpQtOy  tk  powerful  otcc- 
Iro-tBagnct  ta  supported  upoo  a 
bwCRLcnt,.  fig.  67S^  iwo  piece*  of 
40^1  iron  are  attaobed  to  tho  poled 
of  the  mmeQ^t,  BO  thai  they  ecu- 
oentrato,  upoo  th«  two  tuxma  of  a 
mvtiinia  diac,  tbelr  isngtictism  of 
iDdu(?tioa.  Tbia  disc  of  i^oppcr 
receives,  bj  mcaui  of  puUiryj!,  a 
rapid  rcTotutloti,  wliieb  will  enti- 
liniie  for  m  long  tioie,  if  do  cur- 
rent  rxiaU  in  tho  elo^tro-mngrict  ■ 
t)ut  if  a  current  from  a  batterj 
of  two  or  tbrc«  ccIIa  Ij  piLsecd 
tbrougb  tbo  wire,  the  dito  i« 
almusL  inunedintd J  stopped  j  tf,  however,  agatnet  Lbia  reaiatatii^  Uie  dhe  is  foreed 
lo  rtrvulrci  tbo  cxpcna«  of  rarc«  If  coo  verted  Into  Amr,  and  tbo  teaxperAture  of 
the  di«e  Is  rapidlj  raised. 

019.  Action  of  magnetlmn  on  light. — Fig.  679  eliows  iUe  v^ff^ 
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rotatAry  fiolarkfttion  of  tight  alreadj  spoken  of  under  OpUcB  (5G0). 
Twr>  p'jwcrful  intjucing  coils,  N  mid  M,  Burround  two  hollow  cylmdera 
vt  soft  irou^  S  and  Q.  The  current  cntera  the  bul>b»n»  by  A,  and  fol- 
lowiii;»lhe  direction  of  tlio  arrows,  raturnfl  by  D.  The  two  ewils  slide 
in  ibe  groove  in  tbe  h&m,  K,  on  the  two  sup|K>rts,  00,  bo  that  they 
iDRj  be  nppriiached  or  withdmwn  at  pleasure  by  turning  the  ftcrewi, 
mm,  A  iioinmutiitor,  or  interrupter  qf  the  current^  h  arranged  iit  II  n. 
At  a  and  ft  are  two  Kicol's  pri&ms  (553),  of  which  a  has  a  vernier  w 
indei,  reading  the  degrees  on  the  gradniitcd  circle,  P.  To  make  ibo 
experiinent,  a  piece  of  hcuvy  glasst  or  ^ilicioua-borate  of  lend,  e,  is 
pkt>ed  on  a  support  between  the  polps  S  and  Q.  A  ray  of  light  from 
the  e&ndb,  ptjtarized  by  the  prism,  5,  le  transmittod  through  the  glaag 
In  the  axis  of  the  poles.  When  the  current  is  applied,  the  ray  of  light 
ii|i|»«ar«  tn  be  revolved,  aimilarly  to  the  effect  produced  on  polarised  light 
by  qaartx,  or  oil  of  turpentine  A  great  number  of  other  aolid*  and 

liquids  are  found  to  act  in  a  like  manner,  but  to  a  le^s  degree,  than  in 
the  vi*»e  of  **  hearj  glass."  Aa  no  roi  Ation  of  the  ray  takes  place  unless 
there  in  #f>m<!  meditim  on  which  the  magnetism  nmy  act,  it  haa  been 
argued  witb  pome  force  by  Becquerel  and  others,  that  the  action  is 
wholly  due  to  a  molecular  change  in  the  Bolid  under  esperitnent,  A 
ifrversal,  however,  of  the  direction  in  which  the  ray  travels,  reverses 
the  direction  of  rotation  in  the  pohirized  ray,  a  eircuinstunee  not  found 
in  b^^diea  in  the  natural  etutc.  This  apparatua  also  acrYe«  to  illustrate 
the  phenomena  of  dlamagnetiBm, 

920,  Diamagnetifim. — We  have  already  (799)  alluded  to  the  ai'tiou 

Inf  fnagnetism  upon  all  bodies,  dij^covered  by  Dr.  Fftrnday.  in  184fl,  n 
discorery  whteb  alone  wrmld  place  its  author  in  the  bighe»t  rank  of 
niQ^em  philosophers.   Bv  the  ui^o  of  the  apparatus,  fig.  OKO,  he  proved 
Ifaat  every  substance  which  be  tried,  sulid,  6S0 
fluid,  or  gnaeou?,  waa  soli- 
j«ctto  magnetic  in  flu  once, 
Msunuog  either  the  rqua- 
tonal  or  axial  poi$itiori» 
according  to  its  nature. 

For  lalidfl,  And  eoiue  Bn* 
fd»,  £9.         ibow*  lliu  ar- 

runinlctl  |i»l»r  liiecea  «f  mfi 
iroEi  An  fiitviJ  into  the  op^n- 

tttxn  vf  llifl  v|HK>K  S  ttti'l  t}i  frbns  b«twi9«a  tticm  ore  rottirftilcd  tt^n  »  onfa  fliir* 
ctibcta.  lit,  or  sburt  h9.r%  uf  tke  v^hHuuh  mn]^i*tiv  (ufitoilji,  tilimutli,  Atitimouv.  t:tf\*- 
per,  lc«^'I,  tin,  Ao,  II  Itio  t.'ul<c  it  «|tiiiniiif  a^tt>ut.  wUfn  th«  current  pnirem  th* 
laducfd  nikgnfftieiu  latrcst*  it*  mutiMti  iu  tibateriir  |ioiiiitia  it  mnj  Im,^  *iid  iS 
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the  motal  haa  tho  form  of  a  little  bar,  it  rests  athwart  the  axis  like  »  cross.  If 
non-magnetic  liquids,  alcohol,  water,  and  most  saline  solutions,  are  confined  in 
little  narrow  bottles  (like  homoeopathic  vials),  hung  like  m,  fig.  681,  these  art 
similarly  affected.  If  they  are  filled,  however,  with  magnetic  solutions,  the  salts 
of  iron,  nickel,  or  cobalt,  they  then  arrange  themselves  axially. 

Plucker  has  shown  that  if  these  magnetic  solutions  are  placed  in  watch- 
glasses  upon  the  poles,  S  Q,  as  in  fig.  680,  according  as  the  poles  are  nearer  or 
farther  asunder,  these  liquids  are  heaped  up  in  one  or  two  elevations,  as  in  A 
and  B. 

The  flame  of  a  candle  placed  between  the  poles,  S  Q,  fig.  682,  is  strongly  re- 
pelled, a  fact  first  observed  by  Father  Bancalari,  of  Genoa,  532 
and  the  flames  of  combustible  gas  from  various  sources 
are  differently  affected,  both  by  the  nature  of  the  com- 
bustible and  by  the  nearness  of  the  poles.  The  flame 
from  turpentine  is  most  curiously  affected,  being  thrown 
into  the  form  of  a  parabola,  whose  two  arms  stretch  upward 
a  great  distance,  and  are  each  crowned  by  a  spiral  of 
smoke.  Oxygen,  which,  in  the  air,  is  powerfully  magnetic 
(799),  becomes,  when  heated,  diamngnetic.  A  coil  of  pla- 
tinum wire,  heated  by  a  current  of  Voltaic  electricity,  and 
placed  bcncnth  the  poles  of  Faraday's  apparatus,  occasions  a  powerful  up- 
ward current  of  air,  but,  when  magnetism  is  induced,  the  ascending  current 
divides,  and  a  desecuding  current  flows  down  between  the  upward  currents. 
The  following  list  expresses  the  order  of  souio  of  the  most  common  paminng- 
netic  substances,  viz.  :  iron,  nickel,  cobalt,  manganese,  palladium,  crown-glass, 
platinum,  osmium.  Tho  zero  is  racuiim.  Tho  diamagnetict  are  arranged  in  the 
inverse  order,  commencing  with  the  most  neutral :  arsenic,  ether,  alcohol,  gold, 
water,  mercury,  flint-glass,  tin,  "heavy  glass,"  antimony,  phosphorus,  bismuth. 

Pliickcr  has  further  demonstrated  the  important  fact,  that  the  optic  axis  of 
Iceland  spar  is  repelled  by  the  magnet — a  fact  probably  true  of  many  crystals — 
in  some  of  which  the  magnetic  axis  is  parallel  to  the  longer  axis  of  crystallizar- 
tion.  Thus,  a  piece  of  kyanite  will,  under  the  influence  even  of  the  earth's 
magnetism,  arrange  itself  like  a  magnetic  needle. 

ELECTRIC  TELEGRAPH. 

921.  Historical. — Tiie  thought  of  making  telegrnphic  communica- 
tions by  electricity  appears  to  have  suggested  itself  as  8<X)n  as  it  was 
known  that  an  electrical  current  passed  over  a  conducting  wire  with- 
out sensible  loss  of  time.  The  following  brief  summary  of  well-known 
historical  facts,  will  serve  at  once  to  show  how  impossible  it  is  justly  to 
bestow  tho  exclusive  merit  of  tho  electric  telegraph  upon  any  inventor, 
while  at  the  same  time  it  strikingly  illustrates  what  is  true  of  every 
important  invention,  that  final  success  rescues  from  oblivion  many 
schemes  that  had  hardly  vitality  enough  in  their  day  to  find  a  place 
in  the  records  of  history. 

In  1747,  Dr.  J.  Watsox  erected  a  telegraph  from  the  r«)oms  of  the  lloyal 
Society,  in  London,  for  two  miles  or  more,  over  the  chimney  tops,  using  fric- 
tional  electricity  on  a  single  wire,  with  tho  earth  for  a  return  circuit  In  1748, 
Dr.  Fra.nklin  set  fire  to  spirits  of  wine  by  a  current  of  electricity  sent  ftcross 
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th«  Scbaylkill  an  ft  wire,  wad  T^tuming  bj  ttia  rirer  mad  the  eartk.  In  177i, 
liS  ^AOB,  «.  FrcnctuDAn,  e»lablUhccl  kt  deoet*  ftn  ckctrie  tukgraplt,  is  wbteb 
ho  umd  twonty-fuur  wired  losulAted  io  glass  tubes  buncd  iq  tbs  carLb«  cncli 
wire  «oiflmuQicn ting  wkli  lui  clectroacupc,  and  mrrespoDtltng  lo  a  latter  of  tho 
JilpbiiWt,  cxcHcd  bj  as  clectrienl  mocbine,  (MoiG:^^  Trttitf,  aO.)  Ii»  I'i;!?, 
VttTA^fvuvRTj  in  Sp&m,  mmle  hji  CfflVirt  to  cmploj  ekttridljf  for  tcbgrnpbing  by 
pwing  sij^nals  fr^m  a  L«yden  viaJ  dtut  wu-iBa  canniicliug  Madrid  witli  Arau^ 
jut*,  •  distune*  of  twcnty-ti*  myua,  Salta,  in  J7U6,  H-liO  prc««nt*J  li*  tlia 
AcAilemy  of  Madrid,  a  ploo  of  »a  olefltrk  tntogr»i>li  of  bia  own  inTontion^  whtch 
tV«(iiT«d  lb«  putronngo  ^if  the  Prince  of  Pi^nt'o,  la  liiOO^  the  publio  iuieotit)C»< 
mcnt  of  VoLTA*£  diteorcry  of  tho  pile  fupplicd  a  new  mean/r  fat  tolegrttpLing, 
tnon  €«rtaiD  Iban  frictioatkl  elQctricUy,  Hud  at'corUitiglx  w«  fioiJ,  tbiat  Id 
l^tl*  Frof.  SoBmcBtiw<],  of  MaDicb,  proposed  lo  tbo  Aciultimy  in  tb«t  aUy  u. 
fKiiBpleto  plan,  witli  dctaila,  for  on  tltcira-rkFrntcal  tckgrapb.  Id  wbicb  be  net;d 
tbtrty-firo  wins*  (twiitity-Bro  for  the  GeirED&ti  a1pbat>iit,  untl  ten  for  thcs  Dumcmla), 
tipp«4  wUb  guUI  and  corerod  by  tbo  same  number  of  glMHi  tubes  filkd  wilb  maJUiT, 
|4  b«  d*eompoted  wbe'D«iirer  tbe  eorretpondiag  l«tt»r  numeral  wiu  loueLcJ  by 
til*  balttry  wire  on  a  key-board  at  tbc  othef  eiVflU  Tbi»  is  the  typuof  nil  cleutro- 
«benile»l  tdc^grapbe.  ]>n  J.  REoifAn  Coxe,  of  Pbiladelpbin,  in  lU'lBf  in  'Iliump- 
ltoti'«  Aaoald  of  Pbiloaopby,  apjia-rcntly  witboot  knowtedgv  of  Socmmflring't  plan, 
propusca  a  similiir  one  by  tbo  use  of  Vol  laid  elcetf  icily.  In  1819-2*,  CEHSTicn's 
<tiae&Tery  of  elQcU-fi'magnoLiicnj  and  AirPERB's  devBlopmeatof  ibi»«nbj«etf  op«Btd 
tb«  wfliy  t«  dectro^magnetlc  l«kgrapby.  ^rsttd  fint,  und  then  AmpSn,  pTOp«icNl 
lite  plan  of  a  t«lcgTaph«  aalng  (be  doflt'etioua  of  u  magnetic  netrdle  for  aignala ;  tbo 
type  tit  WhunttUiUo'it  ncedlo  tal(^grtipb  ;  but  tbeir  sitggcatioaA  were  never  pat  in 
priwtioo.  In  1,$2,%  Dr.  F.  RosiLDS,  of  EDglnod.  publiabcd  a  votmno  doiailinf 
the  pli^a  upon  whiicb  be  had  previously  constructed  eight  mtlci  of  clcctxto  t«I«- 
frapbp  and  in  which  he  used  a  iD{>v4t>Ie  disc,  carrying  the  letter*,  the  type  of  all 
dtai  telegrapbt.  In  Willl^h  Stusgko^,  of  Wu«»Iwiett,  Ettgtand,  made  tba 
tnt  aliietro-iiitigtiet  of  «ofl  iron,  without  which,  further  prograsa  in  thu  desjtro. 
[Mlgaatie  tckgraph  wna  impoaaibie.  Prof.  Josxra  llBirtir,  in  deseri1>«d  » 
iBode  of  firing  gt«»tet  power  to  electro- magnet?^  nnd  tliv  tamo  plii]o«opher,  in 
IS3I|p  dni'ised  Ibo  first  rci-iprocating  clcctTti-m»gn«t  aiid  ribrating  arwaiuriv 
inelnding  aUo  the  prinei|)I«  &f  f  be  rcJuy  inagi>o{,  su  iudispvti«iab]e  an  auxiliury  in 
the  Morse  ay^tvm.  (Am.  Jour.  Sd.  [J]  XX,  310. )  In  19114,  Me«grt.  WjcuiiKft 
and  GaI'!^!!  i».itBh]i«bcd  an  clo^tfo-mtigoclic  tvlegriit'^  lj6itlAg«n,  between  tlm 
Obaermiory  and  tbo  Pbyilciil  Cabinet  of  iHe  tluireriity,  OAd  ami  it  for  »U  tbo 
]Kirpoa«9  of  a«ieDlifle  oommiinicatici'j). 

In  IB^a,  Vrot  J.  F.  Dakikli*  Invented  the  «onatant  battery  witboal 
whit'Q  any  mudo  of  cl<NSlii(i  tetegrfcpb  woiild  have  been  fatilo. 

la  liS^r— a  year  ever  memorable  in  Iflkgraphic  hiatory  for  the  fin  I  general  ««d 
ItteeaRfifuI  tnlroduciion  of  the  eleetro- magnetic  tclegrnph — and  almost  at  the  aainii 
time  Appeared  SJorsb,  iii  the  IT.  B,i  StetsnfeiL,  at  Munich;  and  Wbbitstomie 
and  Cqoee,  in  Eogland  ;  aa  dutioet  and  independent  do^imant^  for  the  honor  of 
tbis  dtaC"Vitry,  Prof  J.  B,  Furbca,  the  aWe  bistorino  of  tbo  Phyrical  Sci?>o«>s, 
ici  tlie  ti^kih  edition  of  tho  Encyclopedia  Rrit  Afnerirn,  qieakiog  of  Uiiwo 
larmjtinnn,  «»>■•:  tbr  tpjegrnpH  of  tba  two  ImhI  (SlpitabcU  and  Wbeui^tono) 
hlca  in  |muciple  <£r»tnd*9  and  Hauaa'i ;  that  of  the  tint  (Monat )  it  entirety 
i^^nal,  and  conai^t*  in  niaking  •  ribbon  of  paper  mote  hf  dntk-worlt,  wbilKt 
Inlerruptcd  timrka  are  imprciKied  tipvo  it  hy  a  pen/*  Ac*  •  •  *'  Tbo  t«legnii»b» 
^  iluraa  have  thu  inoat^uiabic  adrvatasei  tkal  thtf  praa«rrc  a  pemuificiit  record 
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tboj  ihare  witb  Baiu's  oloctro-cbemkal  telegraph. 

922.  The  ©arUi  circnit.— Although  Drs.  Watson  and  Frnntlm 
(1747-8)  used  the  earth  as  the  return  circatt  in  their  tolegraphic  eiperi- 
ments,  it  was  considered  essential  in  tbe  use  of  Voltaic  electricity  to  era- 
ploy  at  least  two  wires,  until  SteinlieiJ,  in  1837,  in  the  construction  of  h' 
telegraph  at  MuDich^  dispensed  with  the  whole  resistance  of  the  retxt 
wire  by  burying  a  large  plate  i>f  copper  at  each  station,  with  whlrh 
cireuit  wire  commnnidated.  This  certainly  must  b«  esteemed  one  of  Ut 
moat  important  discoveries  in  coouectiun  with  the  telegraph  ;  but  fro 
some  cause  or  other  it  obtained  fur  aoaie  years  but  little  pahlleit 
although  described  at  length  in  the  Compt&s-Hendiatf  of  SepU  10,  18^ 
Bain  rc-dlscovered  the  Hame  fact  eomo  jear^  !ater«  attd  Matloiicct, 
Pisa,  in         nm»3o  csperimenta  whi*;h  convinced  the  roost  tncrcdulo 
of  the  truth  of  this  important  fact. 

Wig.  aS3  illHsLrftteiJ  the  Kodfl  of  osing  ths  earth  eUcuit,  now  noiTcrfml  in 
tdlograpbik  S  and  S'  aro  two  dist»tiit  slalioaa,  tritb  thoir  batteries,  b  b*,  pxid  n 
neta  m  m*t  A  win  ptii»iog  over  maulatiog  poats^  Ibroug-li  tbe  air,  «oaiiecti  S 
S'.  ^Onc  pola  ef  c»ob  battery  ia  connected  wtLIi  tb^i  ea;tb  tbroqgb  tbe 
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eDiing  in  plates  of  copper,  P  P'.   Ifeitber  Uaticry  will,  bnwwrer,  ■ct 
of  thd  breaks,  or  Ougt-r-key*,  S  or  B\  b  dciirufised.    If  llie  fingrr  .     ,  s 
dcpreeecdp  tb«  circuit  Cdasfjqutjntly  ia  eotnpicted  fhrouyk  t^e  tatth,  f<jr  iba  hu 
terj,  b,  whita  that  ftf  b'  rcmftind  open,    Tho  arrowji  show  the  c«*iir«o  fif  tb 
current,  aod  tbiu  will  bo  reversed  vrLen  tb?  ^troQil  Ai  S  i«  doactL    The  explH-tt** 
tioo  of  this  euriuus  fuel  appcara  tfl  Iw,  not  tbi*t  tbo  clcrtririty  it  conduoto*!  boclc 
bj  ibQ  curlU  lu  it;*  origin  at  tho  l^utLtjrjt  but  thai  ibe  molccuJAr  ili«Lurbitnr<t  i 
which  tbc  polaritj  of  tbe  oircuit  coDnjits,  tJ  ulTiiiMuallj  rcliei^cd  vomtuuuic 
don  with  the  cntmaon  r^acrrpir  of  ftcntrtl  ckotricitjf  (SI 5),  and  bo  coodutlio 
proceeds  wilbout  iDtarrnption.    Any  nutubcr  of  pariillel  currcuLn  mny  tiiua  v 
exint  mitbout  intcrfflrence.    Thii  iimple  deiric*  f»vo*  not  only  b*lf  t!ic  oxput 
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of  eonitnteting  linet,  but  it  more  than  doubles  their  power  of  electrical  trans- 
aUauon.    For  the  rapidity  of  the  current,  refor  to  §  818. 

923.  Varieties  of  electro-telegraphic  communication. — There 
are  essentiallj  but  two  modes  of  electro-telegraphic  communication, 
lis. :  the  electro-mechanical  and  the  electro-cJiemical.  Various  and  seem- 
ingly unlike  as  are  the  numerous  ingenious  contrivances  for  this  purpose, 
they  all  fall  under  one  of  these  two  divisions. 

The  eleotro-mechanical  form  of  telegraphic  apparatus,  embraces 
the  needle  telegraph,  the  dial  telegraphs,  and  the  electro-magnelic,  or 
recording  telegraphs :  both  those  which,  like  Morse's,  use  a  cipher,  and 
those,  like  House's,  which  print  in  legible  characters. 

The  electro-chemical  telegrapha  (having  their  type  in  Soemmer- 
ing's  original  contrivance)  depend  on  the  production  of  a  visible  and 
permanent  effect,  as  the  result  of  some  chemical  decomposition  at  the 
remote  station ;  of  these.  Bain's  is  the  best  known. 

This  is  not  the  place,  had  we  time,  to  give  all  the  details  of  the  well- 
known  machines  in  use  for  telegraphic  purposes.  A  few  words,  stating 
the  principles  on  which  they  all  depend,  with  a  notice  of  two  or  three 
of  those  most  used  in  the  United  States,  must  suffice. 

As  the  needle  telegraph  of  Messrs.  Wheatstono  and  Cooke  (depend- 
ing on  the  deflection  of  a  needle  by  a  galvanometer  coil)  has  never  been 
used  in  this  country,  and  cannot  compete  with  either  of  the  systems 
adopted  here,  it  is  needless  to  describe  it.  It  requires  one  operator  to 
read  the  movements  of  the  needle,  and  another  to  record  the  message, 
and  its  average  capacity  is  not  over  ten  or  twelve  words  per  minute. 
The  dial  telegraph  of  Froment,  and  others,  is  open  to  the  same  objec- 
tions. 

924,  Morse's  recording  telegraph. — Every  electro-telegraphic  ap- 
paratus implies  the  use  of  at  least  two  instruments,  one  for  recording, 
and  one  for  transmitting  the  message.  Besides  these,  in  most  cases 
there  is  need  of  a  relay  magnet^  which  receives  the  circuit  current  and 
acts  to  bring  into  use  the  power  of  a  local  battery,  by  which  the  work 
of  recording  is  performed.  This  is  requisite  because  the  circuit  current 
is  usually  too  feeble  to  do  more  than  establish  a  communication  with 
the  local  battery.  Every  recording  instrument  has  a  clock-work,  or 
some  similar  mechanical  movement,  to  carry  forward  the  paper  fillet  on 
which  the  record  is  impressed,  at  a  regular  rate  of  motion.  Fig.  684 
shows  the  Morse  recording  instrument. 

It  consists,  essentially,  of  a  simple  lever,  A,  with  a  soft  iron  armature,  D, 
over  the  electro-magnets,  E  F,  by  which  the  electrical  impulses  are  propagated 
to  the  pen  or  stylus,  o.  A  weight,  P,  gives  motion  to  a  train  of  wheels,  K  C,  by 
which  the  fillet  of  paper,  p/>,  is  carried  over  the  rollers,  G II,  in  the  direction  of 
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lha  srrawt.  k  Pautte  ipring »  witbdrawa  tho  point,  mil  mrmitur*,  D,  when 
ikv  fcleolrkitj  ccftac*,  Mid  tho  motion  gf  tbe  pco-lever  i*  fArliicr  *rijoBled  bjr 
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regat&tiDg  «craw9,  m  tliat  can  bo  i &t  at  plejisara.  Tbit  biltery  etttr^inl  entart 
tbe  apparatus  a.L  tb«  bmdiiig  jicrevi,  n  h. 

The  mqjiftgc  iJ  rocoriled  by  a  cipher  of  iloU  ami  lUshe^.  m*de  on  thp  mnvin 
fillet  by  tbti  point  of  tlie  pOtt-IoTCr,  The  lover  movca  in  obcditneo  to  Ibn  irat^uUel 
of  the  oper«tar  nt  the  transmitting  statioii,  who  profsca  the  **Jin<ffr  key,**  (nr 
longer  or  tborter  insUnU  ftctjordiag  to  what  bo  wnultl  imtttiftit,  Emjr  aiottn 
of  the  poD-loTei  givei  a  goand,  corrc^f  ponding  to  the  IvitO'r  c^unnanif^vtsd ;  as 
to  «  pfiM^ticed  op«rAt4r,  thU^nuad  bocotnca  a  di.>fiiiJte  hin^tmgis,  wbidi  bU 
tiit«rprota  with  unMIiiig  c«rtiLmtj« 
eo  that  ho  litoriLUj  hei^ri  the  mta- 
EA^e  an  j  truujiliitei  it  irtibnut  tho 
Decciexttj  of  Looking  at  tho  ri?eorii. 
Fig.  flSj  &hows  tbo  npn'mj  Jtui}i!r^l-ri/, 
hy  which  mcs^Agts  ar«  triinimiltftii 
Tho  Murste  IntilriimeDt  has  ibo  nd- 
Tnntn^e  of  f^rcut  mwbttnicivl  «im|»H~ 
city,  «o  that  it  rtM^aircff  but  lillle 
nkill  to  tottna^u  it,  ami  it^  record 
bdng  pgrmaoent  and  KutEriunily 
r lipid  for  al!  anitORry  puqionca,  iL 
has  com<:  into  tnoro  g^norftl  ii»e  ia 

lb&  Caited  States  than  any  olh<*r,  lind  orer  the  continent  of  Gttr-  , 
VtfTy  generally  ado[H«d.    Mr.  Mor«fl  ronrbivf:d  lUii-c  |dno  uf  1> 
TOisaion  in  1S33,  bjit  U  wii»  only  in  1837  be  npi>iird  for  his  first  j  im  :  i,  an 
laii  tba  flrft  lift©  waa  biult  in  tbe  UnitciJ  Stiito*,  from  Wiiahloatan  to  TlaltimorR* 

925,  House's  electro-printiag  telegraph. ^ — This  most  uigt?itioa» 
instfument  record&  jt^  message  in  pliiin  fHriiUed  character*,  immJ,  n»  ft 
mechnnianit  miuit  be  regafdoJ  m  one  of  tbe  mml  wunijprfiil  riMulta 
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mventlve  ;;cn)us.  A  drawing  of  ItA  chief  parta,  some  of  the  details 
Lcing  omitted,  ia  seen  in  fig.  OSG. 

lU  ofaief  puts  are  ft  koj^boftrd,  Baarkeil  wiLh  tlia  lottery  of  ibe  ml{»balK!t|  & 


tT[>e-wbe«1,  a,  mi  whlth  Ui«  btt«rs  of  the  alpb«bct  tre  ci]^iiT«d;  a.  htVif^wA  mt\ 
of  ftna  wit^  iu  Ebo  c^rluidcr.  A,  10  cootietitifMi  witb  tbe  eircuti,  &iid  whicb  opttr- 
Ates  to  open  n  Vjilre  far  the  emtfjikm  of  a  blait  of  air.  eompresKd  hj  a  |>uoip 
utnldf  tho  lalile  into  a  rtservoir,  B.    The  piirpo*6  of  thii  blwl  ii  to  work  the 
enrjijifmCuL  ttrgulAtin^  ibo  Rintions  of  the  typo-wbe«],  0,     TbUI  is  tbo  nii]y 
flUkoUoa  of  tbe  «toolricitj  in  tbo  reeording-  macbtDO;  ercrj  otbiir  motion  ia  r 
■uwluiiiic^i  one,   Tb&  blectritrit/.  by  opening  and  elosinji:  tbe  bir-Talre,  rpgulatcs 
Ibi  mottiiit  tif  tbe  tjrpe-trbcpt,  arreatiDg  it  At  Lb«  pleasure  of  tb«  opentot  at  tlie 
[diitaitt  itatiobj  wb{»,  bj  ioucbing  on  bit  kcy-l>oard  the  letter  bo  would  tran^- 
arrwtJi  tbe  tjpe-wbe«l  of  tbe  r&corditig  instnimcot  at  that  letter;  a  iimpio 
%i»m  tben  pr««$ei  tbe  flilel  of  paper  on  tbe  face  of  tbe  tjpo^,  and  tnovt-a 
forvftrd  loi  recelTQ  tbe  next  imprefaton.     Iti  Actioni  are  quicker  thun 
[tboitgbt,  mud,  owing  to  tbe  ei^t  dunlUj  of  tbo  two  tnarbincs  la  eterjpmtt,  ati<1 
tlie  perfoci  eqoaliiy  of  their  motion,  tbe  operator  Irimtauittin^  ii  mi  POBictoua  at 
him  recciTing:,  If  tboro  ia  any  errof,  nided  aa  be  in  by  a  tell-tale  nbove  tbo  type- 

|wbe«l,  irhowiog,  in  oar  design,  tbe  letter  A.  It  i«  impoBcrihIe,  witbout  tnaur 
pngfi  (it  dtilAil,  and  mianta  drawinj^A  of  tbe  parts,  to  render  ibie  amrvcl  of 
sncchanit'nl  art  p^rfc^'tij  intellif  ibl«.  Gut  tbe  general  thought  oT  tbe  inventor 
i»  chat  euou^H,  lo  pliuie  the  r«ee>rdiD|f  appAral«i  ai  ibs  eo&trol  of  Lbe  Iraiu- 
tuttUuK  uperntur,  ttruugH  tbe  Migmcy  of  eooipretted  air,  eonlroUod  by  tb«  eleetrte 
turreiir,  nn4  <>otitrnlling<  in  tt«  ttms,  tb«  evf^peuieau  of  fho  rerorfflng  appftrataik 
Xi  priintj  about  otid  bitmlrcd  ktten  per  miuDtej,  on  a  4nr«ult  of  one  Luedred  and 
Pflf  inile«, 
f  920,  The  electro-obemical  telegraph  Jepcticls  on  the  deeoraposi- 
t!*>n»  hy  lliti  clt'etncul  current.  t»f  a  &nlt  i>f  iPm  with  wliich  the  p«p«r 
1^  fillet  I*  srtturated,  ami  the  proiJuetion  of  ti  blue  nr  red  atain  upini  U, 
^■GTbe  Sfttno  clock  work  mov«>mctit  utied  W  Morwp,  currii^s  fonrnrd  the 
aver  a  nietalHc  cylindor*  wbictt  i«  gn«  pate  of  the  drcuit.  vhili 
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a  steel  pen  (if  a  blue  mark  is  intended,  or  copper,  if  red  is  intended), 
in  connection  with  the  other  pole,  bears  steadily  upon  the  paper ;  the 
least  transit  of  electric  force  decomposes  the  prussiate  of  potassa  with 
which  the  pnpcr  is  charged,  producing  a  stain.  To  insure  the  damp- 
ness in  the  fillet  requisite  for  electrical  conduction,  Maison-Neuve  has 
proposed  to  charge  it  with  a  solution  of  nitrate  of  ammonia,  a  salt 
whose  attraction  for  moisture  is  such  that  the  paper  remains  always 
damp.  To  avoid  errors,  as  well  as  to  insure  greater  rapidity.  Bain, 
who  was  the  author  of  this  system,  proposed  to  prepare  the  messages, 
on  fillets  of  paper,  punched  with  holes  by  a  machine  called  a  composUor 
or  multiplier.  Humaston  has  lately  so  improved  the  mechanism  of  this 
compositor,  that  it  is  possible,  by  combining  this  apparatus  with  the 
Bain  system  of  reading,  to  transmit  not  less  than  three  thousand  signals 
per  minute,  equal  to  six  hundred  letters,  or  one  hundred  and  twenty- 
five  words  of  five  letters  each.  The  punched  fillets  take  the  place  uf 
the  finger-key  as  a  circuit  breaker  for  the  transmission  of  the  message. 

Autograph  telegraphic  mesaagea  can  be  transmitted  by  the  elec- 
tro-chemical method,  by  writing  upon  the  transmitting  cylinder,  with 
solution  of  hardened  wax,  and  then  causing  a  tracin/^  point  to  traverse 
the  cylinder  with  a  close  spiral  from  end  to  end.  The  result  is,  the 
interruption  of  the  current  where  the  wax  is,  and  a  correspondinp; 
blank  space  left  on  the  paper  at  the  receiving  station.  The  union  of 
these  white  spaces  gives  what  was  written  in  wax,  as  a  white  character 
on  a  dark  ground. 

927.  Submarine  telegraphs — the  Atlantic  cable. — The  first  sub- 
marine telegraphic  cable  was  successfully  sunk  in  August,  1851,  con- 
necting Dover,  in  England,  with  France,  at  Cape  Griz  Nez.  Since  that 
time,  numerous  other  submarine  cables  have  been  laid,  of  which  that 
through  the  Black  Sea  was  the  longest,  until  the  placing  of  the  Atlantic 
cable  was  accomplished,  on  the  5th  of  August,  1858.  The  failure  of 
this  great  enterprise  is  now  believed  to  be  attributable  to  injuries  received 
by  the  cable  before  submergence.  Its  failure  was  gradual, — over  400 
messages  being  transmitted  before  it  became  totally  inactive. 

Fig.  687  shows  tho  size  and  mode  of  construction  uf  thia  cable  The  con- 
ducting wire  is  formed  of  seven  strands  of  No.  C87 
32  copper,  twisted  into  a  cord,  and  buried  in 
refined  gutta  pcrcha,  laid  on  by  machinery  in 
three  coatings,  over  which  are  placed  several 
strands  of  tarred  cord.  Tho  whole  is  encased 
in  seventeen  strands  of  iron  wire,  each  strand 
formed  of  seven  No.  30  iron  wires.  It  weighs 
about  two  thousand  lbs.  to  tho  nautical  mile,  and  about  two  thousand  miles  of 
it  lie  submerged  between  Valentia  Bay,  Ireland,  and  Trinity  Bay,  Newfound- 
land. Tho  shore  end  is  formed  of  ten  miles  of  much  stronger  cable,  enclosing, 
however,  tho  same  condnotor. 
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The  problem  of  scientiflo  as  well  as  practical  interest  in  long  cables,  is  the 
possibility  of  transmitting  signals  through  them  with  sufficient  rapidity  for 
nsefnl  purposes.  Faraday  has  shown  (Ept.  Res.  vol.  3d,  p.  507 — 523  and  575), 
that  a  gutta-percha  corered  wire  is,  when  submerged  in  water,  in  very  different 
electrical  conditions  from  what  it  is  in  air.  In  the  water  it  simulates  the  charac- 
ter of  the  electrical  condenser,  or  Leyden  vial,  and  when  thus  charged  by  induc- 
tion, must  be  discharged  before  a  second  wave  can  be  transmitted  through  it ; 
and  when  the  electric  pulses  are  frequent,  as  in  telegraphic  communications,  the 
effect  of  the  eUetrie  conflict,  as  ffirsted  originally  termed  it,  is  to  produce  a 
tremor  in  place  of  sharp  and  decided  beats.  Those  who  would  know  the  history 
of  the  telegraph  more  in  detail,  will  consult  Schaffner's  Telegraphic  Manual, 
and  Prescoti's  Uistory  and  Practice  of  the  Electric  Telegraph,  Boston,  1860. 

928.  Electrical  clocks  and  aatronomical  records. — If  a  clook 
pendulum  is,  by  any  mechanical  device,  made  to  open  and  close  the 
circuit  in  a  telegrapbio  arrangement,  it  is  obvious,  that  if  the  clock 
beats  seconds,  these  will  appear  recorded  as  dots  at  equal  intervals 
open  the  paper  fillet.  An  astronomer,  vratching  the  transit  of  a  star 
across  the  vires  of  his  telescope,  with  his  hand  upon  the  finger-key  of 
the  same  circuit,  closes  it  at  the  exact  instant  of  time,  and  the  record 
of  the  passage  of  the  star  is  fixed  with  unerring  certainty  between  the 
beats  of  the  clock  and  upon  the  same  fillet  which  bears  record  of  the 
time  in  seconds  and  their  subdivisions.  This  beautiful  system  is  wholly 
and  peculiarly  American,  as  the  clear  records  of  science  show,  and 
offers  incomparably  the  best  possible  mode  of  determining  longitude 
differences.  The  names  of  Bache,  Bond,  Gould,  Locke,  Mitchel,  Sax- 
ton,  Walker,  AVilkes,  and  others,  are  inseparably  connected  with  the 
history  of  this  important  application  of  the  telegraph,  for  the  details 
of  which  the  student  is  referred  to  the  American  Journal  of  Science, 
the  proceedings  of  the  American  Association  for  the  advancement  of 
Science,  and  the  reports  of  the  United  States  Coast  Survey. 

Bain,  it  is  believed,  constructed  the  first  electrical  clock  (in  1842),  which  was 
moved  by  a  current  from  a  large  copper  and  zino  plate  buried  in  the  earth,  or, 
better,  to  a  zinc  plate  buried  in  charcoal.  By  any  simple  mechanical  arrange- 
ment, the  motion  of  the  pendulum  reverses  or  breaks  the  current  at  every  beat, 
and  by  the  aid  of  a  stationary  magnet,  the  vibratory  movement  due  to  the  elec- 
tric current  is  strengthened  and  perpetuated.  It  is  possible  to  transmit  the 
same  electric  current  to  any  number  of  clocks,  in  the  same  place,  or  in  different 
places,  and  thus  secure  exact  equality  of  time. 

Fire-alarm. — Boston,  Philadelphia,  and  some  other  cities  are  provided 
with  a  telegraphic  system  due  to  Dr.  Channing  and  Mr.  Farmer,  by  which  a 
fire-alarm  is  sounded  simultaneously  in  every  district :  a  detailed  description  of 
whioh  will  be  found  in  Am.  Jour.  Sci.  [2J,  XIII.,  58. 

\  5.  Xllectro-dynamic  Induction. 

I.   INDtCED  CURRENTS. 

929.  Currents  Indaced  from  other  carrents. — Volta-c 
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Indaction. — The  phenomena  of  electro-magnetism  seem  to  point,  as 
an  almost  necessary  consequence,  to  the  discoTery  made  by  Faraday,  in 
1831-2,  of  induced  currents,  as  well  as  of  magneto-dedricUy,  Faraday 
argued  thus : — 

1st.  That  as  a  wire  carrying  a  current  ads  like  a  magnet,  Iherefore  U 
ought,  by  induction,  to  excite  a  current  in  another  wire  near  it. 

2d.  That,  as  magnetism  is  induced  by  electric  currents,  so  magnets 
ought  also,  under  proper  conditions,  to  excite  electric  currents. 

The  first  of  these  theses  Faraday  sustained  thus :  Let  a  double  helix, 
or  bobbin,  be  wound  of  two  parallel  silk-covered  wires,  about  a  cylin- 
der of  wood  (which  being  withdrawn  afterwards,  leaves  the  helix  hoi- 
low),  in  close  contact,  but  perfectly  insulated,  so  that  the  two  wires 
run  side  by  side  through  their  whole  course.  Let  the  ends,  a  b,  fig.  688, 
of  one  wire  be  connected  with  a  ess 
galvanometer,  or  magnetizing  spi- 
ral, while  a  battery  current  enters 
the  other  wire  by  c,  and  passes 
out  by  d.  When  contact  is  made 
between  c  and  the  battery,  the 
galvanometer  needle  is  deflected 
by  a  current  moving  in  the  same 
direction  with  the  battery  or  pri- 
mary current.  This  deflection,  however,  is  only  for  a  brief  instant. 
After  a  few  vibrations,  the  needle  comes  to  rest,  although  the  battery 
current  still  flows.  Break  now  the  contact  between  the  wire,  c,  and 
the  battery,  and  the  galvanometer  needle  is  again  deflected  by  a  second- 
ary or  induced  current ;  but  this  time  it  moves  in  the  opposite  direction 
to  the  first.  These  are  called  secondary  or  induced  currents.  They  are 
momentary,  but  are  renewed  with  every  interruption  of  the  battery 
circuit,  and  their  strength  is  always  proportional  to  the  strength  of  the 
primary  or  inducing  current.  If  a  mass  of  soft  iron  (or,  better,  a 
bundle  of  soft  iron  wires)  is  placed  in  the  core  of  the  helix,  the  force 
of  the  induced  currents  is  greatly  increased.  This  action  of  a  current 
from  a  Voltaic  battery,  Faraday  called  Volta-electric  induction. 

The  phenomena  of  influence  (828)  in  electricity  present  a  strong 
analogy  to  these  facts,  and  support  the  probability  that  the  secondary 
currents  in  the  case  of  Voltaic  induction,  are  also  due  to  decomposi- 
tion of  the  natural  electricity  of  the  second  wire,  by  the  current  on 
the  first.  In  fact,  a  current  of  statical  electricity  may  be  substituted 
for  the  Voltaic  current  with  similar  results,  as  was  shown  by  Henry, 
in  1838  (Trans.  Am.  Phil.  S^kj.,  vol.  6,  N.  S.,  and  Am.  Jour.  Sci.  [1], 


ELECTBICITr. 


623 


689 


XXXYIIL,  209).  Fig.  689  is  a  conrenient  form  of  apparatus  designed 
bj  Matteucci)  fur  this  ezperiment.  Two  coils  of  insulated  wire,  A  B, 
are  sustained  on  morable  feet,  ad- 
mitting of  near  approach.  When 
the  chargS  of  a  Leyden  jar,  D,  is 
passed  through  the  coil  c  d  on  A,  a 
person  whose  hands  grasp  the  con- 
ductors, »A,  of  the  coil,  B,  will  re- ' 
ceive  a  shock,  the  violence  of  which 
increases  with  the  closer  approach 
of  A  and  B.  The  direction  of  the  current  in  B,  is  the  reverse  of  that 
in  A.  If  a  galvanometer  is  inserted  in  the  circuit  t  A,  its  needle  is 
deflected,  or,  if  a  magnetizing  spiral  is  used,  needles  may  bo  magnetized 
by  it. 

930.  Induced  currents  of  different  orders. — By  using  a  series  of 
flat  spirals  of  copper  rib)x>n  alternating  with  helices  of  fine  insulated 
copper  wire,  arranged  as  in  fig.  090,  Prof.  Henry  (in  1838)  demonstrated 
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that  secondary  or  induced  currents  produced  other  induced  currents  of 
the  second,  third,  fourth,  and  so  on,  as  far  as  the  ninth  order.  Thus,  the 
flat  spiral.  A,  receiving  the  battery  current,  induces,  at  every  rupture 
of  that  current,  a  secondary  intense  current  of  opposite  name  in  B, 
while  the  second  flat  spiral,  C,  receives  from  B  a  quantity  current, 
inducing  a  tertiary  intense  current  in  the  second  fine  wire  spiral,  W, 
and  so  on.  The  signs  ^  and  —  alternate  after  the  first  remove  from 
the  battery  current,  as  is  easily  demonstrated  by  inserting  magnetizing 
spirals  in  the  conducting  wires,  and  using  steel  sewing-necdics  as  tests. 
A  screen  or  disc  of  metal  introduced  between  any  two  uf  ctu 
these  coils,  cuts  off  the  inductive  influence.  But  if  the 
screen  has  a  slit,  a  b,  cut  from  the  centre  to  the  circum- 
ference, as  in  fig.  691,  the  induction  is  the  same  as  if  no 
screen  were  present.  Discs  or  screens  of  wood,  glass,  paper,  or  other 
non-conductors,  offer  no  impediment  to  this  induction. 
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930.  ZiZtra-carrent,  or  tbe  induction  of  a  current  on  itself. — 

The  effect  of  a  long  and  stout  conductor  in  giving  a  yivid  spark  and 
shocks  from  a  single  cell  (which  alone,  or  with  a  short  conductor,  gives 
neither  sparks  nor  shocks),  was  first  noticed  in  1832  byTipf.  Henry. 
(Am.  Jour.  Sci.  [1],  XXII.,  404.)  This  fact  was  afterwards  the  subject 
of  investigation  by  Faraday,  in  December,  1834,  and  also  by  Henry, 
in  January,  1835.  The  arrangement  used  by  Prof.  Henry  is  seen  in 
fig.  692.   A  small  battery.  L,  is  oonnected  with  the  flat  spiral  of  cop- 
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per  ribbon,  A,  by  wires  from  the  battery  cups,  Z  and  C ;  when  this 
communication  is  broken  by  drawing  the  end  of  one  of  tbe  battery 
wires,  Z,  over  the  rasp,  a  brilliant  spark  is  seen  at  the  instant  of  break- 
ing contact.  No  spark  is  drawn  on  making  contact.  Moreover,  if  a 
fine  wire  coil,  "NV,  is  placed  in  the  relation  to  A  shown  in  the  figure, 
there  is  only  a  feeble  spark  seen  on  breaking  the  battery  contact, — 
while  the  powerful  secondary  current  already  named  is  set  up  in  W, 
violently  convulsing  the  hands  which  grasp  its  terminals.  The  strong 
spark  from  the  large  flat  coil  or  single  wire  in  the  first  case,  is  then  the 
equivalent  of  the  current  which  would  be  produced  in  the  second  case, 
if  such  current  were  permitted.  This  reflux  current  induced  on  a  con- 
ductor, and  the  outflow  or  recoil  of  which  produces  vivid  sparks,  is 
what  Faraday  calls  the  extra  current.  In  powerful  coils,  this  extra 
current  produces  sparks,  the  report  of  which  resembles  the  explosion 
of  a  pistol,  especially  under  the  inductive  influence  of  a  powerful  elec- 
tro-magnet, as  in  the  engine  of  Dr.  Page,  already  noticed.  The  heavy 
coils  of  this  apparatus  produced  sparks  from  the  extra  current  from 
two  to  six  inches  in  length,  and  having  the  same  rotative  action  as  the 
conductor  itself.  (Am.  Jour.  Sci.  [2],  XI.,  191.)  Many  forms  of  elec- 
tro-magnetic apparatus,  in  which  two  coils  are  combined,  show  the 
extra  current  in  a  striking  manner,  as  in  : — 

931.  Page's  vibrating  armature  and  electrotome. — In  this  appa- 
ratus, fig.  693,  the  flow  of  the  battery  current  is  interrupted  by  the 
movements  of  the  bent  wire,  P  W  C.    At  M  is  a  bundle  of  soft  iron 
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wires,  formiDi^  the  core  of  the  Lndueing  cnil.  Becoming  oiagDetlc,  these 
iiUract  a  sraatl  foass  of  iron  on  the  end  of  P  to  M.  This  uiDvenient 
luWes  the  other  end  out  of  the  mercury  in  the  cup,  C,  with  a  hrilUanfc 
vfrjirk,  due  to  the  flow  of  the  $93 
extra  current,  the  magnetism 
having  disappeared  hj  the 
hrcak  of  the  b&iterj  fiuw. 
Gravitj  then  restores  the  wire 
to  its  origmul  posittonf  thus 
renewing  the  battery  current 
and  the  ma^etism,.  and  with 
H  the  qjark  in  A  fine  wire 
induction  coil  of  two  thousand 
or  three  thousand  feet,  woond  about  the  inducing  coil,  dorelopa  the 
iecoodarj  currents  aJreody  naticcd,  with  powerful  physiologic al  and 
other  indoftiire  effects,  rescmhlltig  Btutical  electridty. 

Indaced  coirenta  fiom  tlie  eaxtb'e  ntagaetism. — The  earth^'s 
magnetism  nUo  induces  etectrlcFiI  currenU  in  nictallio  bodies  in  move- 
ment ;  iinotbcr  of  the  diacoTeries  of  Faraday,  For  this  purpose,  a  helis 
in  tlie  form  of  a  ring  is  made  to  revolve  with  its  axis  at  right  angles  to 
tUe  magnetic  meridian,  and^  consequently,  each  point  of  the  ring  de- 
scribes circles  parallel  to  the  plane  of  this  meridian.  A  pole  changer 
on  tiie  litis  is  m  arranged  as  to  keep  the  induced  current  moving  alwayti 
in  the  mme  direction ;  when  so  arranged,  and  its  termmal  wires  are  con* 
nected  with  a  galvanometer,  a  deviation  of  tlie  needle  indicates  the  flow 
of  a  current  to  the  ea£$t  or  the  west^  according  to  the  direcition  of  the 
rotation. 

9;^i3.  Conversiou  of  dynamic  into  static  electricity. — The  in- 
dttction  coil. — By  careful  insutation  of  the  secondary  coil  of  fine  wire 
— ««  well  in  it*elf  as  from  the  prlmiiry  or  tnaguetiiing  wire— electricity 
«^bigh  tension  i.«i  pruduced,  snrpassing,  in  energ;y  and  abundance,  that 
frt>m  maehiuea  of  the  greatest  power.  Mtisaon^  m  1842,  first  succeeded 
in  obtaining  tbe^e  results,  but  in  a  very  feeble  manner  compared  with 
those  we  now  know.  Ruhmkoijf^  of  Paris,  in  1H51,  constructed  the 
coils  which  bear  his  nam«.  By  careful  insulation  of  the  fine  wire 
coll,  he  succeeded  in  prwlucrng  sparks  of  al»out  two  inches  in  length 
hetwoen  the  ctccti'i>de^,  charging  and  discharging  a  Leyden  Jar  iiith 
aJitonit^liing  rapidity.  No  electrical  instrument  has,  in  niudctn  times, 
been  more  celebrated, 

BiUhift  of  Boglon,  has  so  vastly  itnpt-tncd  this  ap(jiiriiti»  \^ 
serve  the  highest  praise  from  all  interested  in  phiM.  i' 
Bitchie's  form  of  the  induction  coil  i^  »Ijiuwu  in  fig,  61^4, 
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of  the  superiority  in  the  American  appamtas  is  due  chiefij  to  the 
mode  of  winding  the  fine  wire  coil,  by  which  it  is  possible  to  use  with 
success  a  wire  of  eighty  thousand  feet  in  length,  while  the  limit  in  the 
instruments  made  by  Ruhmkorff  was  about  ten  thousand  feet.  The 
extreme  length  of  spark  obtained,  by  the  European  instruments,  was, 
for  the  French,  about  itco  inches  (Jean's);  and  for  the  English, ybtir 
inches  (Ilearder's) ;  the  American  instruments  have  projected  a  torrent 
of  sparks  over  sixteen  inches  in  free  air ;  while  the  one  shown  in  fig.  694, 
is  limited  to  about  nine  inches. 

Tho  chief  parts  of  this  apparatus  are  tho  two  coils,  an  interrupter  to  the  pri- 
mary circuit,  and  the  condenser. 
In  the  instrument  here  figured, 
over  sixty-eight  thousand  foet 
of  silk-covered  copper  wire, 
the  softest  and  purest  possible, 
twelve  thousandths  of  an  inch 
in  diameter  (No.  32  of  the  wire 
gauge),  is  wound  upon  the  ex- 
terior bobbin,  "C.  About  two 
hundred  feet  of  wire,  one- 
seventh  of  an  inch  in  diameter 
(No.  9),  furms  the  inducing 
wire,  whose  ends  and  —  are 
visible  in  tho  binding  screws 
on  the  base.  A  heavy  glass 
bell,  a,  insulates  tho  coils  from 
each  other,  and  its  foot  is 
turned  outwards  by  a  flange  as 
wide  as  tho  thickness  of  the 
coil.  Tho  induction  coil,  for 
more  perfect  iusulution,  is  ulso 
encased  in  thick  gutta  pcrcha.  The  ends  of  this  coil  are  carried  by  gutta-per- 
cha covered  conductors,  to  two  glass  insulating  stands  (only  one  of  which  is 
visible  in  our  figure),  where  they  end  in  sliding  rods  pointed  with  ])latinum  at 
one  end,  and  having  balls  of  brass  at  the  other.  The  intcrru]>tor  devised  by 
Mr.  Ritchie,  is  tho  toothed  wheel,  b,  which  raises  a  spring  hammer,  the  blows 
of  which  fall  upon  the  anvil,  o,  breaking  contact  between  two  stout  pieces  of 
platinum.  The  European  machines  arc  provided  with  a  self-acting  break- 
piece;  but  experience  has  shown,  by  comparative  trials,  that  there  is  an 
advantage  in  varying  the  rapidity  of  tho  interruptions,  according  to  the  class 
of  effects  to  be  produced,  and  that  a  certain  time  is  requisite  for  the  complete 
charge  and  discharge  of  the  soft  iron  wires  (whi«'h  form  the  core  of  the  buttery 
circuit),  longer  than  tho  automatic  break -piece  allows. 

The  object  of  the  condeiiHer  (which  is  due  to  Mr.  Fizi-uu)  is  to  destroy,  by 
induction,  tho  greater  part  of  tho  force  of  the  tjctm  rurrent,  which,  owing  to  the 
very  powerful  magnetism  developed  in  the  core  of  soft  iron  within  the  battery 
coil,  would  otherwise  greatly  impair  tho  power  of  the  apparatus,  as  it  moves  in 
a  direction  opposite  to  the  primary  current  (931).  The  condenser  consists,  in 
the  instrument  figured,  of  one  hundred  and  forty  square  feet  of  tin-foil,  divided 
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into  three  sections  (two  of  50,  and  one  of  40  feet),  whose  termini  are  at  e.  The 
tin-foil  of  the  condenser  is  oarefally  insulated  by  triple  folds  of  oiled  silk,  and 
laid  away  in  the  base  of  the  instrument,  in  a  cell  prepared  for  it>  quite  out  of 
riew. 

The  battery  force  needed  to  excite  this  apparatus,  is  only  two  or  three  large- 
sised  eells  of  Bunsen's  battery. 

934.  ISffects  of  the  induction  coil.— The  physiological  ejects  are 
80  distressing  and  even  dangeroas,  that  too  great  care  cannot  be  taken 
to  avoid  them.  M.  Quet  was  confined  to  his  bed  for  some  time,  after 
having  accidentally  received  the  shock.  Small  animals  are  instantly 
killed  by  its  discharge. 

The  lominouB  effects. — ^When  a  series  of  sparks  passes  between 
the  points  of  platinum,  or  between  the  balls,  they  are  of  a  zigxag  form, 
and  accompanied  by  a  load  noise  and  a  strong  odor  of  ozone.  Their 
color  is  violet  and  yellowish,  or  greenish  yellow.  If  the  points  are 
within  an  inch  or  two,  the  stream  of  sparks  appears  to  be  continuous, 
a  fourth  of  an  inch  broad,  surrounded  by  a  violet  areola,  and  crossed 
by  numerous  lines  at  right  angles  to  its  path.  If  it  is  blown  by  the 
breath,  or  by  a  bellows,  it  is  deflected  into  a  curve,  and  a  bright  flame 
is  seen  projected  for  some  distance  beyond  the  purple  or  violet  stream 
of  electric  light.  The  color  of  the  flame  varies  with  the  nature  of  the 
electrodes  (885).  If  one  of  the  electrodes  is  covered  by  a  small  glass 
flask,  the  power  of  the  induction  is  such  that  a  stream  of  violet  elec- 
tricity is  seen,  as  it  were,  to  pass  directly  through  the  gloss,  while  the 
hall  of  the  flask  is  covered  with  a  magnificent  net-work  of  violet  light, 
spread  out  like  the  blood-vessels  upon  the  eye-ball. 

If  an  ^pinus  condenser,  or  a  Leyden  jar,  is  put  in  the  path  of 
the  current,  the  length  of  the  spark  is  much  diminished,  but  its 
intensity  and  splendor  are  increased  twenty-fold.  The  electric  light 
then  becomes  intensely  white,  and  the  sound  of  the  explosion  of  the 
successive  sparks,  when  these  are  drawn  by  a  slow  movement  of  the 
break-piece,  is  like  the  snap  of  fulminating  mercury,  or  the  sound  of  a 
pistol,  while  the  electric  stream  appears  continuous.  If  a  Newton's 
chromatic  .disc  is  caused  to  revolve  before  it,  each  spark  causes  the 
colors  of  the  revolving  disc  to  appear  stationary,  although  without  this 
evidence  of  an  intermittent  character,  the  stream  of  electricity  would 
appear  to  be  unbroken. 

Splendid  phenomena  of  Jlunretieenre  with  canary -colored  glass — chemical 
decompositions,  deflagrations  of  the  leaf  metals,  discharges  of  flashes  of  light- 
ning over  the  surface  of  a  metallic  mirror,  a  gilded  board,  or  wet  table,  and 
numerous  other  most  beautiful  and  instructive  experiments,  are  made  with 
apparatus.    Indeed,  nearly  all  the  phenomena  of  static  electricity  are  show) 
it,  and  some  of  them  with  a  power  which  no  frictional  apparatus  can  appn 
It  Is  carious  to  ' observe,  that  the  sparks  of  this  kind  of  electricity  pass  f 
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from  pointed  wires  (826).  If  two  fine  iron  wires  are  naed  as  the  electrode,  the 
negatire  wire  alone  reddens  and  bums,  unless  the  current  is  very  energetic  All 
the  apparatus  used  for  showing  the  luminous  effects  of  machine  electrioitj, 
2  852,  may  be  employed  with  this  apparatus  with  vastly  greater  brilliancy. 

The  chemical  effects  of  the  induction  coil  are  shown  in  the  decom- 
position of  water,  &c.,  while  a  stream  of  sparks  from  it,  passed  through 
a  tube  containing  air,  soon  causes  the  production  of  reddish  vapors  due 
to  the  formation  of  hjponitric  acid  from  the  union  of  the  elements  of 
the  air.  Mr.  Gassiot  has  latelj  shown  (Phil.  Mag.  Aug.  18C0)  that  the 
intensity  of  the  coil  is  such  as  to  transmit  electrolytic  effects  acroes 
glass,  or  apparently  through  the  walls  of  a  Florence  flask. 

935.  Light  of  these  carrents  in  a  vacnam. — The  difference  be- 
tween the  light  from  the  positive  and  the  negative  electrodes  has 
already  been  noticed.   Owing  to  the  absence  of  intense  effects  of  heat 
in  the  currents  from  the  induction  coil,  they  695 
are  particularly  adapted  to  illustrate  this  dif- 
ference, especially  tVi  vacuo. 

In  a  vacuum  tube,  or  the  electrical  egg  well 
exhausted,  a  torrent  of  rosy  or  violet  fire  falls, 
from  the  positive  electrode  above,  toward  the 
negative,  which  is  surrounded  with  a  blue  and 
white  light,  extending  down  the  stem,  with 
splendid  fluorescence  (533).  If  the  vacuum  is 
made  upon  vapor  of  turpentine,  or  of  phosphorus 
in  the  egg,  or  in  an  auroral  tube,  a  most  wonder- 
ful phenomena  shows  itself;  the  stratification 
of  the  electrical  light  in  alternate  bands  of  light 
and  darkness,  surrounding  and  depending  from 
the  positive  pole,  as  indicated  in  fig.  695.  This 
curious  phenomenon  was  first  observed  by  Mr. 
Grove.  Vapor  of  alcohol,  wood-naptha,  biclorid 
of  tin,  or  bisulphid  of  carbon,  may  be  used,  each 
with  a  different  effect. 

Mr.  Gassiot  has  studied  with  great  care  the 
character  of  the  spark  in  vacuums  formed  on 
various  gases  and  vapors,  and  has  established 
the  curious  fact,  that  in  a  perfect  Torricellian 
vacuum,  the  spark  will  not  pass,  showing  that 
an  extremely  tenuous  vapor  is  essential  to  its  passage.  These  facts 
bear  in  an  important  manner  on  the  phenomena  of  the  Aurora  Borealia. 

Gassiot's  cascade  in  vacno. — If  we  place  in  a  vacuum  a  goblet 
coated  with  tin-foil  in  the  manner  of  a  Leyden  jar,  and  carry  the  indu(*> 
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htm  enmni  to  Itii  hoUom  hj  moans  of  a  wire  ptisaitig  tlirough  the  cap 
of  the  air-boll,  as  in  fif;.  the  other  electrode  loing  in  conimunii-atiou 
with  the  liir-puQip  pluto  on  whicli  the  whole  appa* 
mtui  stttTnis,  we  are  delighted  to  see^  when  (lie  our- 
mil  13  estaUlishecl  frnrn  the  induction  ct>il,  the  vase 
♦iiTrfluw  like  »  ftmnlam  with  a  gentle  cascade  of 
light,  wavy  and  gfiHzc-like,  falling  like  an  auroral 
vapor  un  the  metallio  ba^Q.  This  experiment  re- 
quiT«^  a  very  good  vacuum,  and  is  certain  I  j  one 
of  the  most  beautirul  oshibitions  in  lummouB  ele<>- 
tricity. 

9.ir>.  Rotation  of  the  electric  light  about 
a  magnet. — We  here  reeall  the  early  oljaerva- 
tiou  of  Ibvy,  I  883,  on  the  influcDce  of  a  magnet 
on  the  A'oltaic  arc.  If  an  electro-magnet  is  enclosed  in  the  elec- 
trical egg,  aud  a  very  perfect  vacuum  is  made  within  it,  when  the 
indui'ti^n  current  id  caused  to  fiow,  the  electrical 
itream  in  »c«n  to  revolve  in  a  steady  and  easy  man- 
ner about  the  magnet,  the  direction  of  ita  motion 
correspundlng  to  the  polarity  of  lUe  magnet.  In 
fig.  61*7  is  shown  such  an  apparalaa.  The  mtigiiet 
here  ijs  a  bundle  of  soft  iruo  wires  enclosed  in  n 
i;tas^  tube,  and  passint;  through  the  f»at,  so  tlmt 
when  tlie  Instruioenl  is  placed  on  one  pule  of  an 
electru^magQet  the  mass  of  wires  may  be  inagnettxed 
inductively^  Two  platinum  wires  4-  and  —  pass  in 
jptfts$  luljea  bermeticftlly  through  the  walls  of  the 
veJ3»e).  into  the  vacuum  and  form  the  points  of  attach- 
m^nt  for  tlie  deetrodes. 

937^  Applications  have  been  maJeof  the  indue- 
llon  current  ft»r  firing  bhtsts  and  aub-aqtieo«8  ninga- 
lines,  and  also  for  Irghttng  simultaiiegusly  all  the  gas  burners  in  a  largtt 
auilience  room  or  theatre. 

Ekrirkal  bkt^iing  by  Ruhtnkorff  's  coil  ia  easily  aecoinpliebed  by  lh« 
use  fjf  8latebam'9  fuse^  fig.  6M 

which  i«  only  a  gutta-per-  /'    ^=    ~  A 
eba  covered  condut^tor,  A  B, 
in  which  the  disehargc  is  in- 
terrupted nl  points, «t 6,  huncd 
In  the  gunpowder,  prodoclnj;  ^ 
iSa  OQstbtt  tion,  even  at  a  dls 

tODce  of  munj  loilc*,  ami  ia  uiuiy  distinct  mm         '  last  bolea. 
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cessivelj,  but  almost  at  the  same  instant.  Dr.  Hare  first  employed  bis 
calorimotors  for  electrical  blasting  in  1831.  (Am.  Joar.  Sci.  [1]  XXL 
139.)  But  the  use  of  an  extended  battery,  and  all  uncertainty,  is 
avoided  by  using  the  induction  coil.  Rubmkorfi',  in  experiments  made 
at  Villette,  inflamed  gunpowder  with  this  coil  through  about  sixteen 
miles.  In  excavating  the  Napoleon  docks  at  Cherbourg,  lately,  over 
65,000  cubic  yards  of  rock  were  thrown  out  by  one  series  of  blasts  fired 
in  this  way. 

II.  HAONETO-ELECTRICITT. 

938.  Currents  induced  by  magnets. — ^If  the  helix  in  fig.  699  is 
connected  with  a  galvanometer,  and  a  bar  magnet  is  quickly  thrust 
into,  and  suddenly  withdrawn  from  it,  690 
the  needle  of  the  galvanometer  indi- 
cates the  movement  of  a  current  of 
electricity  opposite  in  the  two  cases, 
and  whose  direction  in  each  case  is 
opposite  to  that  of  a  current  which,  on 
Ampere's  theory,  would  produce  a 
magnet  like  the  one  employed.   It  is 
hardly  needful  to  say  that  reversing 
the  ends  of  the  bar  magnet,  reverses  the  movements  of  the  galvano- 
meter.   This  is  a  case  of  magnetic  electric  induction. 

This  fact  is  also  illustrated  in  other  modes,  viz. : — 

a.  By  revolving  a  circular  plate  of  copper  between  the  poles  of  a 
horse-shoe  mngnet  (arranged  in  general  like  fig.  C78),  the  axis  of  the 
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copper  being  in  connection  with  one  pole,  and  the  edge  with  the  other, 
a  series  of  sparks  may  be  obtained,  as  in  Faraday's  original  experiment, 
some  device  being  inserted  to  interrupt  the  current  during  the  revolu- 
tion. 
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JJlf  a  helix  en  Gie  armatm'e  nf  a  mmgmt,  the  enda  of  the  helix  being 
ennnecteJ  with  llio  poles  respeetiFelj,  on  soddeulj  Bliding  tM  ttrtnalure 
ffoiii  the  poka  of  the  mugnet,  a  ppftrk  ia  seen,  und  if  the  fingers  grasp  the 
wires  at  the  aimie  time,  a  ebock  follows.  ThiB  fact  was  first  aDtiounced 
in  Deeeitilj*r,  1831,  by  Sm  Nubili  and  Antinori,  Sax  ton  conatnicted 
the  first  magneto-electric  machine  la  which  the  armaturef  wound  with 
a  heUjT,  was  made  to  rerolire  in  front  of  the  poles  of  a  magnet,  and  m  to 
reproduce  all  the  phenomeaa  of  static  and  Troltaie  electricity  from  per- 
manent magnets.  Fig.  700  shows  an  improved  form  of  Saston'a  appa- 
RLttis.  where  the  double  inducing  coil  reyolrea  bj  means  of  a  motor 
wheel  and  band  between  tlic  poles  of  two  powerful  magnetic  batteries. 
The  magnetic  electric-induction  is  interrupted  by  the  little  crown-wheel 
Mcn  on  the  upper  end  of  the  axis  of  the  revolving  coils. 

Clalke's  magneto  electric  apparatllS.-^TlijB  apparatuc  is  %  modi- 


ItcftUoo  of  Sn*t(>p*ii,  fttiii  «oa»jcla  of  % 
norfnl  mngn^iic  bftttory,  A,  fig.  701, 
on  tlie  upright  boArd,  B,  by  the 
C.  The  tfbci:!,  F,  puis  ID  moiiun 
heliteiK,  n  tl,  wttuii'1  upon  a  twtJiting 
arsifttara  *iK  stifl  iron,  Thu  «le<triciJ  cur- 
f*ul  lutlu««t!  in  lUo  toils  jpterruptcd  bj 
Die  f^pring,  or  bf^okt  Q«  wLkh  ruHs  wn  tliQ 
lutcrrufilcd  back  pie«'C^  U,  while  the  cir ouit 
It  coi«st]«t«i  ky  tfao  bdok,  0,  pae*iag  npua 
tbfl  cntitlntK^nt  i^art  of  the  ipiadtc,  A 
ttdcit  wins,  T,.  ffiorablB  at  |»ieiutin!i,  ron-v 
IiifCtjs  y)«  two  »id«f,  M  and  JT,  otlicrwife 
>«ttl«t«4i  by  tbe  pieco  gf  dry  wood,  L< 
When  enil!*  are  repiiUy  roUlod  burfuro 
the  jjolca  of  Ihe  mapnut,  tbe  furrcfit  its  In- 
t«mtpt«d  twice  ja  every  rovntution  by  the 
^ook,  Q«  wiLb  Lh«»  prudoctiua  tif  a  hrilliiiut 
•park.  If  the  coils  ar«  co0ipof  cd  uf  m.  lung^ 
an4  11q«  wire,  Ibcti  powerful  shorka  wilt  le 
iej(p«Hcn«'cil  bj  tine  1it*1diiiff  thu  liiLtuJJri  It 
•Q<1  S,  hul  capablo  of  n  jfrest  gmtJuBUnn,  by  «ibftnginfl;  th*  |iOsiittiii  of  thu 
pitwef  U,  wiib  refercoee  do  tbe  point  of  (h«  n»T£rlutioti  when  it  lei»Tc»  Q» 
Aliocki  may  b«  made  i|uite  iatolcni- 
la 

ir  the  cnniiiicting  wires  of  tbc 
Ibteniity  cuij  IcrmiiDile  in  n  deeflta- 
pnai&g  npparatu*.  fig.  702f  trains 
of  tuioutd  gag  Inibbles  are  iccq  t 
ripe  frwm  tb«  platinum  pubta  Htjfb  r 
•lia  tnWs,  thowiijg  tbe  prudtirtion 
f  dyWAJnle  fmra  luaKoetie  eleciH- 
ly.    Other  efrisctji  of  the  intpuio  ^. 
BM.  a«  tbfl  decwnipuBitiuij  of  itidid 
jtoUJsiuin.  may  alto  h«  pruduced  with  it. 


bnrak. 
Tbo^« 


tiubititiitlsg  a  civA.  tif  J«rgv  wir« 
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not  over  two  hundred  feet  long,  for  the  small  long  wire,  the  quantity  armaturt  if 
prodaeed,  from  which  brilliant  sparks,  the  deflagration  of  merenry,  and  setting 
fire  to  ether,  as  in  fig.  703,  may  be  prodoced ;  mercury,  in  a  copper  spoon,  B,  is 
touched  by  the  revolving  points.  A,  on  the  end  703 
of  the  axis,  d,  and  with  every  disruption  of 
the  circuit,  the  extra  current  discharges  with 
splendid  effect    A  platinum  wire  may  also  be 
ignited,  and  electro-magnets  charged  by  the 
same  armatures.    Thus  we  see  all  the  effects  of 
electricity,  physical  and  physiological,  coming 
from  a  magnet. 

939.  Identity  of  electricity  from 
whatever  Boorce. — It  follows  from  all 
that  has  been  said,  that  the  phenomena  of 
magnetic,  static,  and  dynamic  electricity, 
are  all  capable  of  being  produced  each  by 
the  other;  and  the  conclusion  seems  war- 
ranted thoft  electricity,  from  whatever  source,  is  one  and  the  same 
power. 

Numerous  and  instructive  forms  of  apparatus  have  been  devised  to  demon- 
strate this  point,  as  well  also  as  to  illustrate  in  detail,  the  principles  we  have, 
for  want  of  space,  been  compelled  to  state  in  terms  too  concise.  The  student 
and  teacher  will  find  it  useful  to  consult  the  figures  of  Davis's  Manual  of  Mag- 
netism fur  various  forms  of  apparatus,  due  to  the  ingenuity  of  Faraday,  Dr.  Page, 
and  many  others.  For  works  of  standard  authority,  he  is  referred  to  Faraday's 
experimental  researches,  and  De  La  liivc's  treatise  on  electricity,  each  in  three 
volumes. 

§  6.  Other  Sonrcea  of  Electrical  Excitement. 

940.  Universality  of  electrical  excitement. — Every  change  in 
the  physical  or  chemical  condition  of  matter,  seems  to  be  attended 
with  electrical  excitement.  This  is  evident  from  the  phenomena 
attending  the  cleavage,  or  pulverizing,  of  many  minerals  and  crys- 
tallized substances,  as  sugar,  mica,  zinc-blende,  and  numerous  other 
substances  which  evolve  light  when  suddenly  cleaved.  If  precautions 
are  taken  to  insulate  these,  as  with  mica  it  is  easy  to  do,  by  sealing 
wax,  they  also  show  the  effects  of  electrical  excitement  by  the  con- 
denser. The  production  of  crystals  is  often  also  accompanied  by  elec- 
trical light. 

Combustion,  evaporation,  the  escape  of  gas  attending  chemical  trans- 
formations, chemical  decompositions  and  combinations,  have  all  been 
known  to  evolve  electricity  when  properly  observed  ;  but  in  most  such 
cases,  the  phenomena  are  too  complicated  to  render  it  clear  to  which, 
if  indeed  to  any  single  action  of  those  enumerated,  the  excitement  is 
due. 
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The  electrical  carrenta  set  up  by  heat  (thenno-electricitj),  and  those 
arising  from  the  phenomena  of  life  (animal  electricity),  are  the  most 
important  of  all  sources  of  electricity  not  before  dwelt  on,  and  to  them 
ire  will  now  briefly  advert. 

I.  TUERMO-ELECTRICITr. 

941.  Thermo-electricity. — The  discovery  of  this  source  of  elec- 
Irical  currents  is  due  to  Seebeck,  of  Berlin,  in  1821.  He  found  that 
if  two  metals  of  unlike  crystalline  texture  and  conducting  power  are 
united  by  solder,  and  the  point  of  junction  is  either  heated  or  cooled, 
an  electrical  current  is  excited,  which  in  general  flows  from  the  point 
of  junction  to  that  metal  which  is  the  poorer  conductor.  Fig.  705 
shows  such  an  arrangement  of  two  little  bars  of  bismuth  and  anti- 
mony.   When  the  junction,  «,  704  705 

is  heated,  a  current  of  positive 
electricity  flows  from  the  bis- 
muth, &,  to  the  antimony,  a.  If 
the  form  of  a  rectangle  is  given 
to  this  arrangement,  as  in  fig. 
704,  an  instrument  resembling 
Schweigger*s  multiplier  is  form- 
ed (905),  by  which  the  magnetic  needle  is  deflected.  A  twisted  wire 
also  produces  a  thermo-electric  current  when  the  twisted  portion  is 
gently  heated,  and,  besides  metals,  other  solids,  and  even  fluids,  give 
rise  to  this  species  of  electricity.  The  order  in  which  the  metals  stand 
in  reference  to  this  power  is  wholly  unlike  the  Voltaic  series,  and 
appears  related  to  no  other  known  property  of  these  elements.  The 
rank  of  the  principal  metals  in  the  thermo-electric  series  is  as  follows, 
as  determined  by  Becquerel: — The  numbers  prefixed  give  the  order  of 
each  metal  in  the  table  of  specific  heats  as  determined  by  Regnault. 
Those  having  the  highest  specific  heat,  as  a  general  rule,  being  first  in 
positive  power  (-f)  in  the  thermo-electric  magnet :  6  antimony ;  1  iron ; 
2  sine;  4  silver;  7  gold;  3  copper;  5  tin;  9  lead;  8  platinum;  10 
silver. 

When  the  junction  of  any  pair  of  these  is  heated,  the  current  passes 
from  that  which  is  highest,  to  that  which  is  lowest  in  the  list,  the  ex- 
tremes affording  the  most  powerful  combination. 

Becquerel  has  found  the  intensity  of  the  current  in  a  thermo-electric 
combination  to  be  proportional  to  the  difference  of  temperature  in  the 
solderings  up  to  100"  or  120**  F.,  one  of  the  points  being  at  32".  Above 
this  limit,  the  increase  of  intensity  is  less  and  less,  with  an  increase  ot 
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heat.  la  a  couple  of  copper  and  iron»  the  increase  of  current  was  in- 
sensible near  570"  F. 

In  a  compound  thermo-electric  series,  intense  effects,  analogous  to 
those  of  the  Voltaic  pile,  are  obtained  only  when  half 
the  Bolderings  are  heated,  the  alternates  being 
cooled. 

Thermo-electric  motions. — If  a  compound  ring 
of  brass  and  German-silver  is  suspended  within  the 
poles  of  a  magnet,  as  in  fig.  706,  when  the  soldering 
of  the  ring  is  heated,  a  revolution  is  set  up,  through 
the  influence  of  the  magnet  on  the  electric  current, 
quite  analogous  to  similar  electro-magnetic  motions. 

Cold  produced  by  electrical  currents. — If  we 
pass  a  feeble  current  of  electricity  through  a  pair  of 
antimony  and  bismuth,  the  temperature  of  the  system 
rises,  if  the  current  passes  from  the  former  to  the 
latter ;  but  if  from  the  bismuth  to  the  antimony,  cold  is  produced  in 
the  compound  bar.  If  the  reduction  of  temperature  is  slightly  aided 
artificially,  water  contained  in  a  cavity  in  one  of  the  bars  may  be  frozen. 
Thus  we  see  that,  as  a  change  of  temperature  disturbs  the  electrical 
equilibrium,  so,  conversely,  the  disturbance  of  the  latter  produces  the 
former. 

942.  Melloni'a  thermo-multiplier. — We  have  already  alluded  to 
this  delicate  metallic  thermometer,  §  588,  and  have  shown  its  applica- 
tion in  the  phenomena  of  dia- 
thermancy (G42).  This  instru- 
ment consists  of  a  series  of 
small  bars  of  antimony  and  bis- 
muth, a  and  6,  fig.  707,  soldered 
together  at  their  alternate  ends. 
Two  wires  connect  the  opposite 
members,  n  and  7n,  fig.  708,  of 
this  battery,  with  a  galvanome- 
ter. The  needle  of  the  galva- 
nometer is  suspended  over  a  graduated  circle,  and  moves  in  exact 
accordance  with  a  thermo-electric  current  produced  by  the  battery. 
The  least  difference  in  temperature  between  the  opposite  faces  of  this 
battery,  produces  a  thermo-electric  current,  deflecting  the  needle  of 
the  galvanometer,  fig.  658,  as  already  explained  in  1 642. 

II.    ANIMAL  ELECTRICITY. 

943.  The  galvanic  current.— We  have  already  spoken  of  the  di* 
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oomy  bj  GalTtni  of  electrical  currents  in  animals,  living,  or  recently 
dead,  flowing  from  the  outer  or  cutaneous,  to  the  inner  or 
maeous  surface.  Thus,  when  contact  is  made  between  the 
muscles  of  the  thigh  and  the  lumbar  nerves,  bj  bending 
the  legs  of  a  vigorous  frog,  fig.  709,  contractions  imme-< 
diotely  follow.  Aldini,  who  was  a  zealous  advocate  of 
Oolvani's  views,  during  the  controversy  between  the  fol- 
lowers of  Galvani  and  Volta,  demonstrated  the  existence 
of  such  a  current  in  other  animals  by  the  legs  of  a  frog  used 
as  a  galvanoscope.  For  this  purpose,  he  brought  the 
lumbar  nerve  of  a  frog,  held  as  in  fig.  710,  in  contact  with 
the  tongue  of  an  ox  lately  killed,  while  the  hand  of  the  operator,  wet 
with  salt  water,  grasped  an  ear  of  the  ani- 
mal to  complete  the  circuit.  The  legs  were 
then  oouTulsed  as  often  as  the  nerves  touch 
the  mucous  surface  of  the  tongue.  The  same 
delicate  electroscope  also  shows  similar  ex- 
citement when  its  pendulous  ischiatic  nerves 
touch  the  human  tongue, — the  toe  of  the 
frog  being  held  between  the  moistened 
thumb  and  finger  of  the  experimenter. 

Matteucci,  of  Pisa,  in  1837  (forty  years 
after  Oalvani's  result  was  obtained),  has  the 
merit  of  reviving  Galvani's  original  and  cor- 
rect opinion  as  to  the  vital  source  of  this 
electricity.  He  demonstrated,  that  a  current  of  positive  electricity  is 
always  circulating  from  the  interior  to  the  exterior  of  a  muscle,  and  that, 
although  the  quantity  is  exceedingly  small,  yet,  by  arranging  a  scries  of 
muscles,  having  their  exterior  and  interior  surfaces  alternately  con- 
nected, he  produced  suffi 
cient  electricity  to  caupe 
decided  effects.  By  a  series 
of  half  thighs  of  frogs, 
arranged  as  in  fig.  711,  he  X 
decomposed  the  iodid  of 

potassium,  deflected  a  galvanometer  needle  to  90°,  and,  by 
a  condenser,  caused  the  gold  leaves  of  an  electroscope  to 
diverge.  The  irritable  muscles  of  the  frog's  legs  form  an 
electroscope  fifty-six  thousand  times  more  delicate  tbnn  the 
most  delicate  gold-leaf  electrometer.  When  the  pendulous 
nerve  of  a  single  leg,  arranged  in  a  glass  tube,  as  in  fig.  712, 
is  touched  in  the  places  where  electrical  excitement  is  suspected,  tho 
66* 
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musclea  in  the  tube  are  instantly  conrulsed.  Dn  Bois  Raymond,  of 
Vienna,  has  demonstrated  the  existence  of  these  currents,  in  his  own 
person,  by  the  use  of  the  galvanometer,  for  which  purpose  the  muscles 
of  the  hands  and  arms  are  alternately  contracted  on  a  metallic  bar,  in 
connection  with  a  galvanometer. 

944.  Electrical  animals. — In  some  marine  and  fresh-water  ani- 
mals, a  special  apparatus  exists,  adapted  to  produce,  at  pleasure,  pow- 
erful currents  of  statical  electricity,  either  as  a  means  of  defence,  or  of 
capturing  their  prey.  Of  these,  the  electrical  eel,  of  Surinam,  first 
described  by  Humboldt,  and  the  eramp-Jish^  or  torpedo,  a  flat  fish  found 
on  our  own  coast,  are  the  most  remarkable.  They  have  an  alternate 
arrangement  of  cellular  tissue  and  nervous  matter  in  thin  plates  of  a 
polygonal  form,  constituting  a  perpetually  charged  electrical  battery, 
arranged  in  the  manner  of  a  pile.  By  touching  their  opposite  surfaces, 
a  very  violent  shock  is  received,  such  as  to  disable  a  very  powerful 
man,  or  even  a  horse.  Prof.  Matteucci  has  shown  us  how  to  charge  a 
Leyden  jar,  by  placing  the  torpedo  between  two  plates,  arranged  like 
the  plates  of  a  condenser ;  and  Faraday  has  published  an  interesting 
account  of  his  experiments  with  the  eels  of  Surinam,  from  which  he 
not  only  obtained  shocks,  but  made  magnets,  deflected  the  galvanome> 
ter,  produced  chemical  decompositions,  evolved  heat  and  electrical 
sparks.  (Expt.  Res.  1749-1795.)  The  student  is  also  referred  to  Prof. 
Matteucci's  interesting  "  Lectures  on  Living  Beings,"  for  further  details 
on  this  very  interesting  subject,  and  to  a  memoir,  on  the  American 
Torpedo  (Dr.  D.  IL  Storer,  Am.  Jour.  Sci.  [1],  XLV.,  1G4). 

945.  Electricity  of  plants. — Pouillet,  in  his  researches  on  the 
origin  of  atmospheric  electricity,  made  the  interesting  discovery  of  the 
disengagement  of  negative  electricity  during  the  germination  of  seeds, 
and  the  growth  of  plants.  This  observer  estimates  that  a  surface  of 
100  square  yards  covered  with  vegetation  disengages,  in  a  day,  more 
electricity  than  is  required  to  charge  the  most  powerful  Leyden  battery. 

Currents  of  electricity  have  also  been  detected  in  fruits,  and  in  the 
bark,  roots,  and  leaves  of  growing  plants ;  the  root«,  and  all  internal 
parts  of  plants  filled  with  juice,  being,  according  to  BuflF,  negative  with 
relation  to  the  exterior  or  less  humid  parts. 

\For  Problems  on  Electricity,  see  end  of  Meteorology.'] 
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CHAPTER  1. 

METEOROLOGY. 

946.  Meteorology  is  that  branch  of  natural  philosophy  which  treats 
of  the  atmosphere  and  its  phenomena.  The  subject  may  properly  be 
divided  into— Ist,  Climatology ;  2d,  Aerial  phenomena,  comprehending 
winds,  hurricanes,  and  water-spouts ;  3d,  Aqueous  phenomena,  includ- 
ing fogs,  clouds,  rains,  dew,  snow,  and  hail ;  4th,  Luminous  and  elec- 
trical phenomena,  as  lightning,  rainbows,  and  aurora  boreal  is. 

Our  narrow  limits  of  space  restrict  our  remarks  on  this  interesting 
subject  to  a  rery  inadequate  rehearsal  of  its  principles.  The  student 
will  refer  to  the  works  of  Espy  and  Blodgett,  and  the  papers  of  Coffin, 
Ilenry,  Loomis,  Redfield  and  others,  in  the  transactions  of  the  Ameri- 
can Philosophical  Society,  publications  of  the  Smithsonian  Institution, 
the  United  States  Patent  Office,  and  the  American  Journal  of  Science, 
fur  an  ezhibtiion  of  the  American  results  in  this  science. 

i  1.  Climatology. 

947.  Climates,  seasons. — By  climate  is  meant  the  condition  of  a 
place  in  relation  to  the  various  phenomena  of  the  atmosphere,  as  tem- 
perature, moisture,  &c.  Thus,  we  speak  of  a  warm  climate,  a  dry 
climate,  &c. 

A  season  is  one  of  the  four  divisions  of  the  year,  spring,  summer, 
autumn,  and  winter.  Astronomical  seasons  are  regulated  according  to 
the  march  of  the  sun.  In  meteorology  it  is  sought  to  divide  them 
according  to  the  march  of  temperature.  Winter  being  the  most  rigor- 
ous of  seasons,  it  is  so  arranged  that  its  coldest  days  (alxiut  January 
15th)  fall  in  the  middle  of  the  season.  Hence,  winter  consists  of  De- 
cember, January,  and  February ;  spring  of  March,  April,  and  May, 
Ac.  Few  meteorologists  have  regard  to  the  astronomical  divisions, 
which  make  winter  begin  December  21st. 

948.  Influence  of  the  sun. — The  sun  is  the  principal  cause  that 
regulates  yariations  in  temperature.  In  proportion  as  this  luminary 
rises  above  the  horizon,  the  heat  increases ;  it  diminishes  as  soon  as  it 
sets.  The  temperature,  also,  depends  on  the  time  it  remains  above  tho 
horizon.  The  sun,  in  winter,  sends  its  rays  obliquely  upon  the  earth, 
and  at  this  season,  therefore,  less  heat  is  received  than  in  summer, 
when  its  ravs  are  more  nearly  perpendicular.   Mathematicians  have 
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in  vain  endeavored  to  dedace  the  temperature  of  days  and  seaaons 
from  the  height  of  the  sun  above  the  horixon.  This  failure  is  owing 
to  many  accidental  and  local  causes,  which  modify  the  result, — as  ele- 
vation above  the  ocean,  inclination  of  the  surface,  vicinity  of  seas,  lakes, 
or  mountains,  prevalent  winds,  &c. 

949.  Meteorological  observations,  to  be  compared  with  each 
other,  especially  when  made  in  different  locations,  should  be  made  at 
certain  fixed  hours  of  the  day.  The  hours  regarded  as  most  suitable 
for  this  purpose,  are  6  a.  v.,  2  p.  v.,  and  10  p.  h.  To  these  hours  are 
sometimes  added  9  a.  ii.,  and  6  p.  m. 

950.  Mean  temperature. — The  mean  or  average  daily  tempera- 
ture is  commonly  obtained  by  observing  the  standard  thermometer  at 
stated  times  during  the  day,  and  then  dividing  the  sum  of  these  tem« 
peratures,  respectively,  by  the  number  of  observations.  It  has  been 
ascertained,  that  the  mean  temperature  deduced  from  observations 
taken  at  6  a.  h.,  2  p.  h.,  and  10  p.  h.,  corresponds  almost  exactly  with 
the  mean  obtained  from  observations  taken  every  hour  in  the  24; 
hence  the  three  hours  named  are  considered  the  proper  hours  for 
taking  observations.  The  lowest  temperature  of  the  day  occurs  shortly 
before  sunrise ;  the  highest  a  few  hours  after  noon.  The  mean  daily 
temperature,  at  Philadelphia,  is  found  to  be  one  degree  above  the  tem- 
perature at  9  a.  m. 

By  taking  the  average  of  all  the  mean  daily  temperatures  throughout 
the  year,  the  mean  annual  temperature  is  obtained. 

951.  Monthly  varialions  in  temperature. — In  the  successive  months 
of  the  year,  there  is  a  regular  variation  in  temperature.  From  the 
middle  of  January,  the  temperature  rises,  at  first  slowly,  in  April  and 
May  rapidly,  then  less  rapidly  to  the  end  of  July,  when  it  attains  its 
maximum.  It  falls  first  slowly  in  August,  rapidly  in  September  and 
October,  and  reaches  the  minimum  about  the  middle  of  January. 

In  tbo  United  States,  the  monthly  variations  of  temperature  are  nearly  as 
follows.  (The  figures  attached  to  the  signs  -|-  a°d  —  by  the  side  of  each  month, 
signify  the  number  of  degrees  colder  or  warmer  it  is  than  the  one  immediately 
preceding.) 

January,  the  coldest;  February,'+2°  to  4°;  March,  8°  to  10°;  April,  10°; 
May,  9°  to  12°;  June,  7°  to  9°;  July,  4°  to  G°;  August,  —1°  to  3°;  September, 
—5°  to  8°;  October,  —8°  to  10°;  November,  —10°  to  14°;  December,  —10°  to 
15°.  The  coldest  days  are  generally  about  the  15th  of  January;  the  warmest, 
near  the  25th  of  July.  The  means  of  the  months  of  April  and  October,  arc 
very  near  the  annual  mean. 

952.  The  range  of  temperature  during  the  year,  is  due  to  variations 
iu  the  length  of  days  and  nights,  and  the  height  of  the  sun  above  the 
horizon  at  noon. 

In  January,  wheu  the  days  begin  to  increase  iu  length,  the  sun  acts  with  more 
'^e,  because  its  angular  height  is  greater,  and  because  it  remains  longer  above 
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the  horison.  This  ehtngt  is  slow  «t  lint,  and  it  is  only  towards  the  rernal 
•qoinoz  that  the  inereaae  in  temperatore  is  considerable.  The  days  being  then 
longer  than  the  nights,  the  earth  reeeires  more  heat  than  it  loses  by  radiation. 
The  temperature  increases  more  slowly  as  the  summer  solstice  is  approached, 
because  (he  changes  in  the  height  of  the  sun  and  length  of  the  day,  are  small. 
After  the  solstice,  the  temperature  continues  to  increase,  until  about  July  2&th ; 
the  heat  receired  through  the  day  being  still  greater  than  the  quantity  lost 
during  the  night  As  the  days  decrease  in  length,  and  the  sun  approaches  the 
equator,  the  temperature  falls,  and  attains  its  minimum  near  the  middle  of 
January.   For  the  extremes  of  natural  temperature,  compare  section  744. 

953.  VariationB  of  temperattire  in  latitude. — ^The  mean  tem- 
peratore of  different  places  on  the  same  latitude,  varies  according  to 
the  height  of  the  son  at  mid-day  above  the  horizon  at  these  points. 
The  highest  temperatore  is,  therefore,  found  at  the  equator ;  it  dimin- 
ishes either  way  to  the  poles. 

The  mean  summer  temperature  of  regions  midway  between  the  poles  and  the 
•quator,  may  be  as  high  as  at  the  equator,  because  the  sun  is  above  the  horison 
a  greater  number  of  hours.  At  the  poles,  howerer,  where  the  sun  is  above  the 
horison  during  six  months  of  the  year,  the  rays  are  directed  so  obliquely  that 
their  oalorifie  action  is  very  feeble. 

The  temperature  is  not  the  same  for  places  in  the  same  latitude  in 
the  two  hemispheres,  as  is  seen  in  the  following  table : — 


FkcM. 

Utltode. 

Temp. 

PImees. 

Latitude.  ^  Temp. 

Falkland  Isles,  . 
Buenos  Ayres, 
Eio  Janeiro,   .  . 

61*>S. 
340  36'  S. 
22*»  56'  S. 

47°-23 

62<»-6 

73°»6 

London,    .   .  . 
Savannah, .   .  . 
Calcatta,   .   .  . 

51<'31'N.  50*>-72 
32°  05'  N.  1  64*»-58 
220  35'N.  78»-44 

This  variation  is  owing  to  a  variety  of  local  causes,  such  as  the  ele- 
vation and  form  of  the  land,  proximity  to  large  bodies  of  water,  the 
general  direction  of  winds,  See. 


954.  Taxlatioiifl  of  temperature  in  altitude.— The  arerage  diminu- 
tion in  temperature  in  ascending  from  the  sea  level  is  1**  F.  for  every  300  feet. 
Supposing  the  arerage  temperature  of  the  air  at  the  level  of  the  sea,  near  the 
equator,  to  be  80°,  and  toward  the  poles  0°,  the  figures  in  the  second  and  third 
eolnmn  of  the  following  table  will  express  approximately  the  temperature  at  dif. 
forent  elevations.   (From  Daniell.) 

DBCBBA8B  OV  TKMPXBATITRa  VX  TBI  ATKOSPBKSB  FROX  XLIVATIOH. 


AlUtude  in  feet 

Eqaatoial  tempera- 
ture. 

Arctic  temperature. 

0- 

5,000- 
10,000- 
15,000- 
20,000- 
25,000- 
80,000- 

80® 
64<»-4 
48°-4 
31<'4 
120-8 
—  70-6 
— 80O-7 

0<» 

—  18°-5 

—  37<»8 

—  58«-8 

—  82'1 
— 109«1 
— 140*>-8 
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955.  Limit  of  perpetaal  snow. — It  follows  from  what  has  jast 
been  stated,  that  in  every  latitade,  at  a  certain  elevation,  there  mast 
be  a  point  where  moisture  once  frozen  mast  ever  remain  congealed. 
The  lowest  point  at  which  this  is  attained  is  called  the  limit  of  per- 
petual snow,  or  the  snow-line.  This  point  is  generally  highest  near  the 
equator,  and  sinks  towards  either  pole.  There  are,  however,  numeroas 
exceptions  to  this  rule. 


LIMIT  OF  PERPETUAL  SNOW  AT  DIFFERENT  PLACES. 


Latitude. 

Bdow-Hims. 

54°  S. 

3760 

feet 

41"  S. 

6009 

tt 

OO" 

15,807 

€t 

Himalaya,  North  side,    .   ,   .  . 

80"  15'  N. 

16,719 

it 

42"  N. 

8220 

u 

14"  30'  S. 

18,631 

u 

19"  N. 

14,763 

tt 

37"  80'  N. 

9631 

u 

66"  40'  N. 

5248 

tt 

It  has  been  observed  that  the  different  heights  of  perpetual  frost  decrease 
Tery  riowly  as  we  recede  from  the  equator  until  we  roach  the  limit  of  the  torrid 
tone,  when  tbcy  decrease  more  rapidly.  The  average  difference  for  every  6"  of 
latitude  in  the  temperate  zone  is  1318  feet,  while  from  the  equator  to  30"  the 
average  is  only  664  foct,  and  from  60°  to  80°  of  latitude  it  is  only  891  focL  The 
limit  of  perpetual  snow  presents  remarkable  and  inexplicable  phenomena  at 
difTercnt  points :  thus  it  is  much  higher  in  the  Himalayas,  latitude  14°  15'  N., 
than  at  the  equator.  Humboldt  remarks  that  the  limit  is  not  duo  alone  to 
geographical  latitude,  that  it  is  owing  to  a  combination  of  many  causes,  such  as 
diffurcnces  in  the  temperature  of  each  season,  the  direction  of  the  winds,  the 
habitual  dryness  or  humidity  of  the  atmosphere,  the  form  of  the  mountain,  it« 
vicinity  to  other  peaks,  Ac. 

956.  Isothermal  lines. — If  all  the  points  whose  mean  temperature 
is  the  same  are  connected  by  lines,  a  series  of  curves  are  obtained, 
which  Humboldt  was  the  first  to  trace  on  charts,  and  which  he  has 
named  isothermes,  or  isothermal  lines  (from  r<ro<r,  equal,  and  Oipfi^f 
heat).  The  latitude  and  longitude  are  the  principal  conditions  which 
determine  the  temperature  of  any  point  upon  the  earth's  surface,  but  the 
influence  of  these  conditions  is  greatly  modified  by  numerous  accidental 
and  local  influences:  hence,  the  isothermal  lines  present  numerous 
sinuosities  instead  of  passing  around  the  earth  parallel  to  any  degree 
of  latitude.  The  introduction  of  isothermes  formed  an  important  epoch 
in  meteorological  science,  for  by  it  have  been  established  the  great  laws 
of  the  distribution  of  heat  over  the  surface  of  the  earth  for  the  four 
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seuoDS.  The  chart  of  isoclinal  L'nes,  fig.  543,  serves  also  to  illustrate 
the  general  direction,  and  place  of  isothermal  lines. 

\  2.  Aerial  Phenomena. 

957.  General  consideration  of  winds. — ^Wind  is  air  in  motion. 
Winds  are  generally  caused  hy  variations  in  the  temperature  of  the 
earth,  produced  in  part  by  the  alternation  of  day  and  night,  and  the 
change  of  the  seasons.  The  air  in  contact  with  the  hotter  portion  of 
the  earth  becomes  heated,  and  being  lighter  than  before,  rises,  while 
the  surrounding  air  rushes  in  below  to  supply  its  place.  The  revolution 
of  the  earth  on  its  axis,  also  comes  in  as  an  important  modifying  cause 
of  the  thermal  conditions.  Winds  are  also,  sometimes,  caused  by  the 
sadden  displacement  of  large  volumes  of  air,  as  in  the  fall  of  an  ava- 
lanche. Winds  are  named  from  the  points  of  the  horizon  from  which 
they  blow. 

958.  Propagation  of  winds. — Whether  a  wind  is  first  felt  in  the 
country  from  which  it  comes,  or  in  that  to  which  it  is  directed,  is  still 
an  unsettled  question.  It  would  seem,  however,  that  often  at  least  it  is 
first  felt  in  the  region  to  which  it  is  directed. 

It  hM  already  been  said  that  winds  are  caused  by  inequalities  in  the  tempera- 
tore  of  the  air.  If  the  air  above  a  certain  region,  as  in  the  tropics,  becomes 
heated,  it  rises,  and  the  air  in  the  vicinity  rushes  into  the  space  abandoned  by  the 
ascending  column.  This  air  becomes  rarefied,  and  this  rarefaction  is  communi- 
cated from  point  to  point,  just  as  the  waves  of  sound  expand.  The  wind  is  thus 
propagated  in  a  direction  opposite  to  that  in  which  it  blows.  Such  winds  are 
called  winds  of  aapiration.  Winds  which  are  propagated  in  the  same  direction 
from  which  they  blow  are  called  winds  of  intwfflation.  Franklin  made  some 
interesting  observations  on  winds  of  aspiration.  He  noticed  that  a  violent  north- 
east wind,  which  arose  about  7  o'clock,  p.v  ,  in  Philadelphia,  was  not  felt  at 
Boston  until  11  o'clock  in  the  evening.  Again,  a  violent  south-west  wind  blew 
first  at  Albany,  and  afterwards  at  Now  York.  But  the  existence  of  winds  of 
insufflation  is  not  less  well  proven.  The  terrible  hurricane  from  the  south-west, 
on  the  29th  of  November,  1836,  passed  over  London  at  10  o'clock  in  the  morn- 
ing, at  the  Hague  at  1  o'clock  in  the  afternoon,  at  Amsterdam  at  1^,  at  Hamburg 
at  6,  at  Lubeck  at  7,  and  at  Stettin  at  half-past  9  o'clock  in  the  evening. 

959.  Anemoscopes. — The  direction  of  currents  of  air  blowing  at 
great  heights  may  often  be  determined  by  the  direction  in  which  the 
clouds  move.  The  direction  in  which  surface  winds  move  is  determined 
by  means  of  anemoscopes  (from  2yc/io;,  wind,  and  axoTzo^y  one  who 
watches). 

The  ordinary  vane  is  the  simplest  anemoscope.  From  its  position  on  the  top 
of  an  edifice,  observations  of  it  are  extremely  inconvenient,  and  as  ordinarily 
constructed,  it  is  not  sufficiently  delicate  to  move  with  slight  agitations  of  the 
air.  Anemoscopes,  suitable  for  accurate  observation,  are  variously  constructed. 
They  may  consist  of  two  or  more  fan-wheels,  whose  axis  supported  horixontally 
is  in  connection  with  »  vertical  bar.   The  lower  end  of  this  bar  is  delioately 
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supported,  and  hu  a  needle  attached  to  it  at  right  angles,  moving  over  a  com- 
pass  dial-plate.   The  needle  points  upon  the  dial  the  direction  of  the  wind. 

960.  Anemometers  (from  ^ve/io?,  wind,  and  fiirpov,  measure)  are 
instruments  designed  to  measure  the  velocity  of  winds. 

The  velocity  of  winds  is  indicated  by  the  force  with  which  they  move,  t.  e., 
the  preasare  they  exert.  Some  anemometers  are  constructed  so  as  to  exhibit  the 
amount  of  pressure  excited  by  a  wind  upon  a  plate  placed  perpendicular  to  its 
own  direction.  This  plate  may  be  supported  on  a  spiral  spring,  the  extent  of 
its  compression  indicating  the  force  of  the  wind.  Fig.  713  represents  a  simple 
form  of  this  class  of  instruments.  Other 
anemometers  indicate  the  velocity  of  the 
wind  by  the  number  of  revolutions  given  ^jmyV 
to  a  fan-wheel  in  a  given  Ume.  Such  an 
one  is  Woltmann's  anemometer.  It  eon- 
sists  essentially  of  a  small  wind-mill,  to 
which  is  attached  an  index  marking  the 
number  of  revolutions  per  minute.  The 
stronger  the  wind,  the  greater  the  number  of  revolutions  made.  The  necessary 
data  for  ascertaining  correctly  with  this  instrument  the  velocities  of  winds  are 
easily  obtained  as  follows : — Nothing  more  is  necessary,  than  on  a  calm  day,  to 
travel  with  the  apparatus  on  a  carriage  or  rail  car,  observing  the  number  of  re- 
volutions mado  in  going  any  known  distance  in  a  given  time.  The  effect  will 
be  the  same  as  if  the  air  was  in  motion.  A  table  is  then  constructed,  indicating 
the  velocity  of  a  wind  which  turns  the  sails  forty,  fifty,  sixty,  or  more  timra  per 
minute. 

Anemometers  of  very  various  forms  have  been  designed.  No  one  yet  oon« 
structed  indtcatos  the  velocity  of  winds  with  absolute  precision. 

961.  The  velocity  of  winds  varies  from  that  which  scarcely  moves 
a  leaf  to  that  which  overthrows  the  staunchest  oak. 

VELOClTr  AND  POWER  OF  WIXDS  (Sincftton). 


YclopUy  of  the  wind.         PirpendlcnUr  force  on  one 
Miles  pur  hour.              sq.  ft.  la  lbs.  aroirdupois. 

CommoD  appellation  of  tueh 
wiud«. 

1 
4 

5 
10 
15 
20 
25 
30 
35 
40 
50 
60 
80 
100 

•005 
•079 
•123 
•492 
1  107 
1  908 

3-  075 

4-  429 
6  027 
7-873 

12.300 
17715 
31-490 
49-200 

Ilardly  perceptible. 
.  Gentle  wind. 

■  Pleasant  brisk  gale. 

■  Very  brisk. 

Iligh  wind. 

Very  high. 
Storm. 
Great  storm. 
Hurricane. 
Violent  hurricane. 

Formnlse. — The  following  formulas  for  determining  the  velocity  of 
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winds  from  the  observed  pressures,  hare  been  dedaoed  from  Smeaton's 
ttble  giten  above: — 

If  Frepretento  the  velocity  per  hour  in  miles,  and  P  repreaents  the  presrara 
on  a  sqiuure  foot  of  snrfaee  «t  right  angles  to  the  direction  of  the  wind 


 ,  or  r=U'257i/J\ 

00492  *^ 

The  pressure  in  pounds  aroirdupois,  on  a  square  foot  of  surface,  when  the  wind 

mores  one  mile  an  hour,  being  =  0-00492  lbs. 

To  obtain  the  velooity  per  second  in  feet,  we  multiply  by  6280  (the  number  of  foot 

in  a  mile),  and  divide  by  3A00,  the  number  of  seconds  in  an  hour,  and  we  have 

6280      5280  , —  ^ — 

•  =  ''X  iSTo = iMo  X  = 

Winds  are  divided  into  three  classes,  viz.,  regular,  periodical  and 
variable. 

962.  Regular  winds  are  those  which  blow  continuously  in  a  nearly 
constant  direction,  as  the  trade  winds. 

Trade  winds  occur  in  the  equatorial  regions,  on  both  sides  of  the 
equator  to  about  30°  of  latitude.  Those  in  the  northern  hemisphere 
blow  from  the  north-east  to  the  south-west;  those  in  the  southern  hemis- 
phere from  the  south-east  to  the  north-west. 

These  winds  are  produced  by  the  unequal  distribution  of  heat  upon  the  surface 
of  the  earth,  and  by  the  rotation  of  the  earth  on  its  axis.  From  the  vertical 
position  of  the  sun,  the  equatorial  regions  are  intensely  heated,  the  temperature 
gradually  diminishing  towards  the  poles.  The  heated  air,  above  the  equator, 
rises  and  blows  off  in  the  upper  regions  of  the  atmosphere  towards  either  polo. 
At  the  same  time,  currents  are  established  on  the  surface  of  the  earth  to  supply 
to  the  equatorial  regions  the  air  which  the  upper  currents  bave  carried  off.  If 
the  earth  were  at  rest,  these  winds  would  blow  due  north  and  south.  But  the 
earth  is  revolving  on  its  axis,  from  west  to  east,  at  the  equator ;  therefore,  the 
eastern  velocity  is  greatest,  but  it  gradually  diminishes  towards  the  poles.  In 
eonsequence  of  this,  the  wind  blowing  from  the  north  pole,  towards  the  equator, 
acquires  a  westerly  direction,  and  seems  to  come  from  the  north-east,  and  for 
the  same  reason,  the  wind  blowing  from  the  south  pole  towards  the  equator,  also 
acquires  a  westerly  direction,  and  seems  to  come  from  the  south-east. 

These  trade  winds  are  not  stationary,  moving  to  the  north  in  the  summer  of 
the  northern  hemisphere,  and  south  as  the  sun  withdraws  to  the  southern  tropic. 

The  general  direction  of  these  trade  winds  is  no  more  altered  by  the  form  of 
continents,  their  elevation  and  headlands,  tban  is  the  general  course  of  the 
waters  in  a  river  by  rocks  in  its  bed,  though  abrading  surfaces  and  irregulari- 
ties  may  produce  a  thousand  eddies  in  the  main  stream. 

963.  Periodical  winds  are  those  which  blow  regularly  in  the  same 
direction,  at  the  same  seasons  of  the  year,  or  hours  of  the  day.  The 
most  interesting  winds  of  this  class  are  the  monsoons,  and  the  land  and 
the  sea  breezes. 

The  montooiu  occur  within,  or  near  the  tropics;  they  blow  from  a  certain 
quarter  about  one-half  of  the  year,  and  from  an  opposite  point  during  the  other 
half.   The  cause  of  the  monsoons  is  found  in  the  effect  produ'*^  sun  in 
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hla  annaal  progresB  from  one  tropic  to  another,  raeoesBirely  heating  tbe  land  on 
either  side  of  the  eqaator.  The  nmoon  is  a  periodical  wind  which  blows  over 
the  deserts  of  Asia  and  Africa;  it  is  noted  for  its  high  temperature,  and  Uie 
sand  which  it  raises  in  the  atmosphere,  and  carries  along  with  it.  This  wind 
from  the  Oreat  Sahara  desert  blows  over  Algeria  and  Italj,  and  reaches  even 
the  north  shores  of  the  Mediterranean,  where  it  receives  the  name  of  tiroceo. 

On  the  coasts  and  islands  within  the  tropics,  and  to  some  extent  in  temperate 
regions,  a  tea  breeze  daily  occars  flowing  from  the  sea  to  the  land  during  the 
day ;  as  it  gradually  subsides,  it  is  succeeded  by  a  land  breexe,  flowing  from  the 
land  to  the  sea.  In  some  places  these  breezes  are  scarcely  perceptible  beyond 
the  shore ;  in  others,  they  extend  inland  for  miles. 

The  causes  of  the  land  and  sea  breeses  are  rery  apparent.  During  the  day, 
while  the  sun  shines,  the  land  acquires  a  higher  temperature  than  the  water  of  the 
surrounding  ocean.  The  air,  above  the  land,  becomes  heated,  and  rises.  To 
supply  the  place  of  that  which  has  risen,  air  flows  in  from  the  sea,  constituting 
the  sea  breeze.  But  when  the  sun  descends,  the  land  rapidly  loses  its  heat,  by 
radiation,  while  the  temperature  of  the  ocean  is  scarcely  changed.  In  conse- 
quence of  this,  the  air  above  the  land  becomes  cooled,  and  therefore  more  dense, 
and  flows  towards  the  water,  constituting  the  land  breeze.  At  the  same  time,  in 
the  higher  regions  of  the  atmosphere,  air  flows  in  from  the  sea  to  the  land. 

964.  Variable  winds  are  those  which  blow  sometimes  in  one  dir^ 
tion,  sometimes  in  another.  The  direction  of  winds  is  influenced  by 
numerous  causes,  as  the  nature  and  form  of  the  surface  of  the  earth, 
the  proximity  of  large  bodies  of  water,  &o.  In  these  latitudes,  the  di- 
rection of  the  prevailing  winds  is  from  the  north-west  to  the  south-east 

905.  General  direction  of  winds  in  the  higher  latitudes. — In 
the  table  given  below,  the  relative  frequency  of  different  winds  is 
given.  The  total  number  of  winds  in  each  country  is  represented  by 
1000 ;  the  figures  in  the  table  represent  their  relative  frequency. 


FREQUENCY  OF  DIFFERENT  WINDS. 


Countries. 

N. 

N.  E. 

E. 

S.  E. 

S. 

S.  W. 

W, 

N.W. 

England,     .    .  . 

82 

Ill 

99 

81 

Ill 

225 

171 

120 

France,       .    .  . 

126 

140 

84 

76 

117 

192 

155 

110 

Germany,    .    .  . 

84 

98 

119 

87 

97 

185 

198 

132 

Denmark,    .    .  . 

65 

98 

100 

129 

92 

198 

161 

156 

Sweden,  .... 

102 

104 

80 

110 

128 

210 

159 

106 

Russia,  .... 

99 

191 

81 

130 

98 

143 

166 

192 

North  America,  . 

96 

116 

49 

108 

123 

197 

101 

210 

In  these  countries  there  is  a  predominance  of  south-west  winds,  with  the 
exception  of  Russia,  where  the  greater  proportion  are  from  the  north-west.  In 
all  the  northern  hemisphere  there  is  a  predominance  of  westerly  winds.  This  is 
shown  by  the  fact  that  the  average  length  of  the  voyage  from  New  York  to 
Liverpool  by  packet  is  but  23  days,  while  that  of  the  return  voyage  is  40.  In 
the  high  southern  latitudes  the  same  thing  is  observed.  Lieut  Maury  remarks 
that  at  Cape  Ilorn  there  are  three  times  as  many  westerly  as  easterly  winds. 
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Phyaical  properties  of  winda.— Wiuda  are  h&t,  eald,  diy^ 
"or  moist,  Recording  to  the  direction  from  wbich  tiiej  come,  iiiid  the 
kiod  t*f  Butfac©  over  wLicJi  ihej  pase. 

If  iU^y  eomG  ov^r  the  sea,  from  lower  latltadca,  thcj  are  wnmi  utid 
moist ;  if  across  the  land,  and  from  tho  nortb,  thej  are  cold  utid  dry. 
Oor  north-eiut  wiods  are  cold  and  inoiat,  because  ihey  com©  Cmm  tlio 
northi  OTcr  the  Allaotic  Qcsan.  Soutli  winds  arc  hare  warm  and 
buinid ;  north  winds  cotd  and  drj. 

9G7,  Hot  winds.— Over  the  desert*  of  Asia  and  Alriea.  an  intermcljr 
hot  wind  ^3C<?asionally  prefaila.  In  Arabia^  tt  is  eallvd  «imooni  iilgni' 
fjrifig  poisonous :  in  Egjpt,  kham^in^  Imc&mo:  it  hluwa  fortj  dnjp**  In 
Uie  weslorn  part  of  the  Great  Deaert,  and  in  Guinea,  it  beura  t\m  uaine 
of  karmaiian. 


The  sotl  of  tbufli  oovntriet  If  tmlforialjr  cdV'orcd  witb  ■  fine  r(^d<UJlll  n&hit, 
wMcti  b«C'Omeit  prodigioiisly  bcatcd  liy  tho  lun's  ray b.  Ah  thu  vrJn-t  priwgci  uver 
tbij  Furfivi^'D,  il  bofoinea  intensely  ibo  Una  iTarticli?*  uf  smtd  mrm  r*.hml  in 

the.  air,  gi^'iag  a  r«d(ll;ah  or  purplisb  tidg«  to  tlic  ntmoijibcro ;  Ibo  ih^  bccaiupi 
(ibfli:iircd,  tho  *an  loics  iut  briUUaejr.  w  tba  wmtiit  bUfW  (ntm  l\w  dmvrl,  Tbe 
bitrnmpter  twXli  irerj  low^  planlji  dry  np,  ftnd  eraporftiiun  tnkcK  jilAru  wiib  Kft'ii't 
rftpiditj  from  the  farrAO«  of  tbo  skin,  girinf  riio  to  tho  grt^tiUiJui  •iitTuriitf. 
Whuiti  caravMit  bare  been  kno»D  to  f«ri»h,  tbe  prej  of  a  ooaxuuiliig  tl!iinU 

Hurricaoes.  or  cyclonfla,  are  terrific  atarme,  often  nttondrMl 
hj  tbnnder  and  lightning;  they  are  diatinguiahed  from  evory  odior 
teinpcflt  by  tbcir  extent^  their  powor,  and  the  auddcn  chan;^t¥ii  in  itiuir 
dire<:tion.  From  numeroui  obeermtiona,  "it  ftppcar»  tliat  hurriciiiiti« 
ar«  sbormn  df  wind,  which  reToWe  around  an  axis,  upright  ^^r  indined 
to  lb©  horizon,  while,  at  the  aatne  time,  the  body  of  tho  utorm  hai  a 
prugressiTe  motion  OTer  tbe  aurfaco  of  the  earth/'  Thin  law  bwi  hefin 
Habfiwhed  by  Redfield  and  Reid.  Their  progresnlvo  velocity  *arioa 
)m  ten  to  thirty  or  forty  mika  per  hour;  tbe  rotatfiry  velocity  ia 
eomctitnea  aa  much  aa  a  hundred  miles  per  Jiuur,  The  dianintrr  of  a 
hurric^ane  h  from  a  hundred  to  five  hundred  niiius,  thuuf^b  innic^limaf, 
MS  in  tbe  Cuban  hurriciuics,  it  ii  much 


F>g>  714  shows  the  origia,  rtttation.  a&d  eQUeriit  vmiria  vT  burrk^acitti  \n  hnih 
tho  ntitihrfu  mnd  ■on&hera  heaiivphtiro*.  TbD*o  twrriMi*  ntcrtti^  bavu  tiovvr  Ih'ch 
known  tp  iwMp  across  th««q  114 tor»  »ltboui;h,  Iq  mus  cn^c,  utmibr  burrlt  niiM  nvm 
rn^ag  at  the  ntae  timo,  od  both  *hUs  <t(  thv  «>mmUtr, 

A  nnrttiern  burrkAoe  coiniucn^^cit  wiLb  »  vhiiaal  r< 
the  utTTont*  at  n,  in  latitude  10°  or  l^^  nortb  of  tbo  • 
nearly  with  the  pun*f  nortiiem  (JitrlinnH'in,  uniT  i^^i. 
*0  to  3IHI  or     l>  uiilod,  Ibo  r6Lir>  n 
iu  cutiini.    A I  ibu  x&[q«  tltne  Ihi'  ,  ,  . 

iTBJit  ftud  uortbirard  iintit  it  rvA^liw  thai 
H  iwcwpi  around,  iskbpax 
ptt»gT9aat§,  Bpruiidicig  oTor  an 
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in  a  nearly  easterly  direction,  and  exhanata  its  force  by  ita  ezeeuire  enltfge- 
ment,  in  latitude  40*>  or  50^  N. 

Southern  hurricanes  pursue  a  similar  course  in 
the  southern  hemisphere,  as  shown  in  the  lower 
part  of  the  figure.  The  circular  arrows  show  the 
rotation  of  the  air  in  the  area  of  the  cyclone,  and 
the  arrows  in  the  parabolic  curre,  a  be,  show  the 
general  course  of  the  moving  storm. 

The  arrow,  NET,  shows  the  region  of  the 
north-east  trade  winds,  and  the  parallel  of  Iati> 
tnde,  L  N  E  T,  shows  their  northern  limit.  The 
arrow,  SET,  and  line,  L S £ T,  also  show  the 
region  and  limit  of  the  south-east  trades. 

Between  the  northern  and  southern  hurricane 
regions,  is  the  tone  of  variable  winds,  which  the 
hurricanes  are  not  known  to  pass.  On  either  side 
of  the  sone  of  variable  winds  lie  the  tones  of 
expansion,  in  which  hurricanes  originate.  The 
letters,  D  D,  indicate  the  most  dangerous  portion 
of  the  hurricane  track. 

It  is  now  well  ascertained  that,  in  both 
hemispheres,  the  air  in  a  cyclone  or  hurri- 
cane rotates  in  a  direction  contrary  to  that 
of  the  course  of  the  sun.  Thus,  in  the  jan.to  apr. 
northern  hemisphere,  the  course  of  the  sun  is  from  the  east  around  to 
the  south,  then  to  the  west  and  north,  and  the  movement  of  the  air  in 
the  hurricane  is  in  the  opposite  direction ;  i.  from  the  north,  by  the 
west,  south,  and  cast,  or  in  a  direction  contrary  to  the  motion  of  the 
hands  of  a  watch,  lying  with  the  face  upward.  In  the  southern  hemi- 
sphere, the  course  of  the  sun  is  from  the  east,  by  north,  west,  and  south, 
and  that  of  the  cyclone  is  from  the  north,  by  east,  south,  and  west,  or 
in  the  direction  of  the  hands  of  a  watch.  East  winds  are,  in  both 
hemispheres,  characteristic  of  a  commencing  hurricane  (t.  e.,  an  east 
wind  is  always  found  on  the  front  of  the  advancing  storm,  as  shown  in 
the  figure) ;  while,  in  general,  west  winds  occur  only  in  the  latter  part 
of  the  storm,  as  decreasing  winds ;  hence,  in  the  northern  hemisphere, 
the  most  dangerous  part  of  a  hurricane  is  in  the  advancing  border  of 
the  right  hand  semicircle,  or  about  the  line  DD;  while,  in  the  south- 
ern hemisphere,  the  dangerous  limit,  D  D,  is  the  advancing  quadrant 
of  the  left  hand  semicircle. 

The  effect  of  the  rotary  movement  of  the  hurricane  is  to  accumulate 
the  air  around  its  outer  margin,  with  a  pressure  increasing  as  it  recedes 
from  the  centre ;  consequently,  the  barometer  is  lowest  at  the  middle 
of  a  storm,  and  highest  at  its  extremity.  The  barometer  oscillates 
before  and  during  a  hurricane,  rising  and  falling  rapidly,  owing  to  the 
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oidity  «f  the  pressure  rhiiili  causes  the  eturm ;  so  that:— ^Crreof 

romHric  osdflttiom  fftntraUtj  announce  Ihe  uppmath  of  a  ttmjKxt. 
By  oareftjl  ol>.'*crr:Ui*>ti  of  tlie  bftrumeler,  the  mariner  iuiliei|){ites  the 
lipprottch  of  a  UurricanUf  or  other  dAngeroiia  storm*  St\  a\»h,  hj  cnrCK 
fill  mtteiiLkut  to  ilie  course  of  the  vrbdff,  atid  tlio  pailing  dlrectiimst, 
hoMHl  on  the  rf!seiuvh^«  of  Redfield,  Koid,  and  Maurj,  he  knows  how 
U>  anil  out  of  the  track  of  a  hurtii^ane  aftpr  it  ha*  coinmenced, 

Oi[>l>.  Tornadoes  or  whitlwinda  tire  dL'itinguih^hed  fnim  hiirritmnesi 
di'icllir  in  iheir  est*?nt  and  cmitmuaiitio.  They  are  rarely  niore  than  a 
few  hundred  rods  in  breadth,  and  their  ishiiJe  Irin-k  is  seldom  mure 
than  twenty-five  miles  in  lengili.  The  continunnce  of  tornndtws  13  Imi 
A  few  seL'onds  at  any  one  plat-e.  Tliey  are  often titnc'ji  of  great  euprgy* 
oprtMiliiig  Ireest  overturning  buildings*  and  destntying  crop*. 

WJO,  Water'Spouta  diffi'r  from  whirlwinds  in  no  other  re.'^pcct  tlinu 
thftt  water,  or  Tfl|iar  of  water,  is  suljccled  to  their  action,  iui>tead  of 
btHlies  upon  the  surfaeo  of  ihe  land. 

Wntor'tpontj  RrMt  appear  na  an  inrcrled  cone,  cxtctiilinjs;  dtivairnrd  tram  a 
dark  cliiQd.  As  the  ttma  jippruach«i  tb«  water,  Ibe  latter  becomes  Dgtlntfil,  iho 
ipray  rb«*  higher  «pil  Uigbcr,  and  SoaUy,  hulh  uniting;,  tbem  ii  (vraitA  «  coti- 
tiaavas  ^otiimn  from  tb«  doud  to  tbe  wt^tatt  ntfuallf  bci&t  i«  in  Bg.  TtSj  but  j«m«- 


u  ffCtt.  AlLvr  *  littlo  time,  Khv  coHujuq  hr«a1(»»  *iui  ihn  pht'niHncuji  ilisap- 
litoAT.  A*  tkJ  the  origin  of  ntftlDr-ffpoutf^  [ih»lt»fupljpM  are  ilii/tvlcd.  Kiu."ittut,  a 
llirtliuguubtd  Ucrman  inctC'orolo>;tat.  ••ium«j  tbal  tbrjr  arv  duo  principal  I  j  ta 
<»pposiie  Hindd,  wbit.>b  pass  »td«  by  sidci  vr  wlli«ii  a  V'ury  brisk  wind  prorailt 
la  higbrr  nrgiuns  of  t|j«  B-iUJoapbtTC",  wbilo  ii  i*  dear  beluw,  IVUkr,  and 
Ol}i«r  |tbjfi!ilci*u,  asiTibc  iv4fctt^r-»]ii*itil£  to  an  ifkctrkal  futuftv. 

Water- tpiHitfl  arv^  iti  ^real  part^  Turmrd  of  altuuifplivrie  waUr,  mt  u  nbowti  bjr 
factt  ibai  ilfti  vtbUt  i-«ci4plb^  t><jiu  tbem  u  Out  «alL  ct  t  n  In  tb«  oiMii 

a:* 
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If  the  Btmosphere  is  not  moist,  there  is  no  condensation  of  vapor,  and  the  only 
noticeable  phenomenon  is  the  violence  of  the  wind  and  its  rotatory  motion. 

971.  General  laws  of  storms. — Great  storms,  in  temperate  climates, 
are  governed  by  general  laws,  presenting  more  or  less  analogy  to  the 
movements  of  hurricanes.  As  a  general  thing,  the  great  storms  which 
pass  over  North  America  have  no  connection  with  the  storms  of  Europe ; 
and  the  storms  of  both  continents  are  modified  in  their  course  and 
general  phenomena  by  the  configuration  and  elevation  of  the  land. 

Great  storms  of  rain  and  snow,  and  also  lesser  storms,  which  prevail 
in  the  United  States  from  November  to  March,  are  governed  by  the 
following  general  laws,  which  have  been  condensed  from  the  researches 
of  Professors  Espy  (Reports  to  United  States  Senate),  and  Loomis 
(Smithsonian  Contributions,  18C0). 

1.  Storms  travel  from  the  region  of  the  Mississippi  eastward  as  for 
as  the  Gulf  of  St.  Lawrence,  and  disappear  in  the  Atlantic  Ocean. 

2.  Tbey  are  accompanied  with  a  depression  of  the  barometer,  oAen 
amounting  to  an  inch  or  more  below  the  mean  height,  along  a  line  of 
great  extent  from  north  to  south,  the  line  being  curved  with  its  convexity 
eastward.  In  the  front  and  rear  of  the  storm,  there  is  a  rise  of  the 
barometer,  which,  in  some  places,  is  more  than  an  inch  above  the  mean. 

3.  Great  storms  travel  from  the  Mississippi  to  the  Connecticut  River 
in  twenty-fuur  hours ;  and  from  the  Connecticut  to  Newfoundland  in 
nearly  the  same  time,  or  about  thirty-six  miles  an  hour ;  though  some- 
times they  appear  to  remain  nearly  stationary  for  four  or  five  days. 

4.  The  area  covered  by  a  storm  is  nearly  circular,  often  of  great 
extent ;  frequently  1000  miles  from  east  to  west,  and  2000  or  3000 
miles  from  north  to  south. 

5.  For  several  hundred  miles,  on  each  side  of  the  centre  of  a  violent 
storm,  the  wind  inclines  inwards  towards  the  area  of  least  pressure, 
and,  at  the  same  time,  it  circulates  around  the  centre  in  a  direction 
contrary  to  the  motion  of  the  hands  of  a  watch.    Compare  1 908. 

G.  On  the  borders  of  the  storm,  near  the  line  of  maximum  pressure, 
the  wind  has  but  little  force,  and  tends  outwards  from  the  line  of  great- 
est pressure. 

7.  The  wind  uniformly  tends  from  an  area  of  high  barometer  towards 

an  area  of  low  barometer. 

8.  In  the  northern  parts  of  the  United  States,  the  wind  generally,  in 
great  storms,  sets  in  from  the  north  of  cast,  and  terminates  from  the 
north  of  west ;  and  in  the  southern  states,  the  wind  generally  sets  in 
from  the  south  of  east,  and  terminates  from  the  south  of  west. 

9.  During  the  passage  of  storms,  the  wind  generally  veers  from  the 
eastward  around  by  the  south,  and  then  towards  the  west. 
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10.  Id  »  great  storm,  the  area  of  high  thermometer  frequently  dues 
not  coincide  with  the  area  of  low  barometer,  or  with  the  centre  of  rain 
and  snow.  But  in  the  United  States,  on  the  north-east  side  of  a  storm, 
at  a  distance  of  500  miles  from  the  area  of  rain  and  snow,  the  ther- 
mometer sometimes  rises  as  much  as  twenty  degrees  above  its  mean 
height 

11.  In  Europe,  storms  are  often  modified  and  controlled  by  the  Alps 
of  Switzerland,  which  appear,  for  days  together,  to  serve  as  the  centre 
of  great  storms. 

For  the  connection  of  barometric  obanges  with  changes  of  weather,  see  sec- 
tion 271 ;  and  for  fuller  discussions  of  the  theory  and  laws  of  storms,  see  the 
works  already  referred  to  above,  and  also  g§  946,  968. 

i  3.  AqueouB  Phenomena. 
972.  Humidity  of  the  air. — Vapor  of  water  is  always  contained  in 
the  air.  This  may  be  demonstrated  by  placing  a  vessel  filled  with  ice 
or  a  freezing  mixture  in  the  atmosphere ;  in  a  little  time  the  vnpor 
from  the  air  Vill  be  condensed  on  the  walls  of  the  vessel,  in  the  form 
of  minute  drops  of  water. 

Air  is  said  to  be  taturated  teith  moitture,  when  it  contoins  as  much  of  the 
vapor  of  water  as  it  is  capable  of  holding  up  at  a  given  tenapcruture.  That  the 
capacity  for  moisture  is  greater  as  the  temperature  increases,  is  shown  in  the 
following  table : — 

A  body  of  air  can  absorb 

At  32^  ¥.,  the  ICOth  part  of  its  own  weight  of  watery  yapor. 
"    5go  tt    tt     80  th  "  "  "  « 

tt    8(jo  «    tt    40th  "         "  «  " 

it  1130  tt    tt    20th  "         "  "  " 

It  will  be  noticed  that  for  eyery  27°  of  temperature  aboye  32°,  the  capacity 
of  air  for  moisture  is  doubled.  From  this  it  follows,  that,  while  the  tcinpera- 
taro  of  the  air  advances  in  an  arithmetical  scries,  its  capacity  for  moisture  is 
accelerated  in  a  geometrical  series. 

Table  XXL,  Appendix,  shows  the  weight  of  aqueous  vnpor  in  a  cubic 
foot  of  saturated  air,  at  temperatures  from  0°  to  100°  F. 

Absolute  humidity. — relative  humidity. — The  term  absolute 
humidity  of  the  air  has  reference  to  the  quantity  of  moisture  contained 
in  a  given  volume.  Relative  humidity  refers  to  the  dampness,  or  its 
proximity  to  saturation  with  aqueous  vapor. 

The  absolute  humidity  is  greatest  in  the  equinoctial  regions,  and  diminishes 
towards  either  pole;  it  diminishes,  also,  with  the  altitude,  but  the  true  ratio  is 
not  fully  known.  The  absolute  humidity  is  also  greater  on  coasts  than  inland, 
in  summer  than  in  winter,  and  less  in  the  morning  than  about  midday. 

Relative  humidity  is  dependent  upon  the  mutual  influence  of  absolute  humid! 
and  temperature.  The  atmosphere  is  considered  dry  when  water  rapidly  evi^ 
rates,  or  a  wet  substance  quickly  driea.  The  expressiop-  — *  dry  cob« 
•imply  an  idea  of  the  relative  homidity  of  tha  atBM*^  n( 
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ence  to  the  absolute  quantity  of  moisture  present;  for  a  damp  air  is  rendered  dry 
by  raising  its  temperature,  and  a  dry  air  damp  by  cooling  it. 

Near  great  bodies  of  water,  the  atmosphere  generally  contains  a  greater 
amount  of  moisture,  both  absolute  and  relatire,  than  at  inland  places,  or  over 
arid  plains  and  deserts. 

973.  Hygrometeza  are  instruments  by  which  the  humidity  of  the 
atmosphere  is  determined.  They  are  of  various  kinds,  and  may  be 
classified  as  follows : — chemical  hygrometers,  absorption  hygrometers, 
condcDsatioQ  hygrometers,  and  psychrometers. 

All  hygroscopic  substances  (viz.,  those  which  have  an  affinity  for  water)  are 
chemical  hygrometers.  The  amount  of  moisture  in  the  air  is  determined  with 
these  substances,  by  filling  a  tube  with  chlorid  of  calcium,  for  example,  and 
passing  a  known  volume  of  air  through  it;  the  increase  in  weight  of  the  tube, 
after  the  experiment,  indicates  the  weight  of  moisture  present  in  the  air.  This 
method  yields  the  best  results,  but  is  difficult  of  execution. 

Sanaaore's  hygrometer  depends  upon  the  elongation  and  contrac- 
tion of  a  hair  by  increase  or  diminution  of  relative  humidity ;  but  such 
instruments  nffurd  no  means  of  accurate  comparison. 

DanieU'a  hygrometer  depends  upon  the  condensation  of  moisture 
by  means  of  artificial  cold. 

It  consists  of  a  glass  tube,  bent  twice  at  right  angles,  having  a  bulb  at  either 
extremity.  The  bulb.  A,  fig.  716,  is  partly  filled  with  other,  into  which  is  inserted 
the  ball  of  a  delicate  thermometer,  enclosed  in  the  716 
stem  of  the  instrument.  The  tube  is  filled  with  the 
vapor  of  ether,  the  air  having  been  driven  out.  The 
bulb,  B,  is  covered  with  fine  muslin.  Upon  the  sup- 
porting pillar,  a  second  thermometer  is  placed.  In 
order  to  determine  the  dew  point,  or  hygromctric 
8t4ito  of  the  atmosphere,  by  this  instrument,  a  few 
drops  of  ether  are  allowed  to  fall  upon  the  muslin- 
covered  bulb,  evaporation  of  the  ether  takes  place, 
the  bulb  is  cooled,  and  condenses  the  ethereal  vapor 
within.  In  consequence  of  this  cfieet,  the  ether  in 
A  evaporates,  causing  a  reduction  of  temperature, 
indicated  by  the  internal  thermometer.  At  a  certain 
point,  the  atmospheric  moisture  begins  to  form  in  a  ring  of  dew  upon  the  hidh 
A.  The  difference  at  this  moment  between  the  degrees  indicated  by  the  two 
thermometers,  denotes  the  relative  humidity  of  the  atmosphere ;  the  dryer  the 
air,  the  greater  is  this  dificrence. 

Aagoat'a  psychrometer  or  hygrometer  of  evaporation  depends 
for  its  action  upon  the  rapidity  of  evaporation  in  the  open  air.  It  con- 
sists of  two  similar  thermometers,  il^,  placed  side  by  side,  fig.  717, 
supported  on  a  frame.  The  bulb  of  is  covered  with  fine  muslin,  the 
lower  end  of  which  dips  into  a  small  vessel,  r,  like  a  bird-glass,  con- 
taining water  ;  by  this  arrangement,  the  bulb  is  kept  continually  moist. 
Kvup^ration  takes  place  from  the  moistened  bulb,  with  a  rapidity  vary- 
ing with  the  humiJity  of  the  atmosphere,  and  a  corresponding  depression 
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in  the  temperature  of  the  tUermometcr  is  produced.   The  hjgrometrio 

I Hate  *>f  the  iititioBpUyrp  is  determined  frum  llie  observed  difference  \n  the 
two  thcnutimelorj^  }ij  the  u$q  of  tablea  prepared  far  the  purpose,  [Meico* 
- 
CO 
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This  is  a  very  convenient  instrument  to  determine  the 
Contlltion  of  tlie  air  in  dwellings  heated  bj  different 
iCtbodii.  Observntiong  vrith  this  in^itrunient  show  how 
jnnoh  uur  cainfurt  and  health  depend  upon  preservrng 
Ihe  profier  stfit©  uf  hutnidity  or  dryness  in  our  dwellings, 
or  in  the  aiclt-room. 

974.  Fogs,  or  mists,  are  viaihle  TUpora  that  float  in 
the  attnuKpliere,  near  the  surfuce  of  the  earth,  Foga  are 
produced  by  the  union  of  a  huAj  of  cot>l  air  with  one  that 
is  warmer  and  humid.  M.inj  philosopheta,  fta  Saiissure 
ftnd  Knit^cnistcin,  conijider  tbat  the  glohulea  or  vesicles  of 
wljich  a  f(»g  is  composed,  are  hollowt  the  water  serving  only 
Ds  an  envelope ;  it  probable  thiB  is  true,  in  some  caaea : 
there  ore  probably  abo  miied  with  the  vesicles  many  mi- 
nute drop&  containing  no  free  atr.  According  to  Kaemt^, 
the  averftgo  diameter  of  fog  glohulea  does  not  exceed 
TfSff  ^'^  inch<  Mfiille^  of  Paris,  has  computed  thiit  it 
would  require  200,000,000  fog  glolmlcs  to  miikcs  a  drop 
of  rain     of  an  inch  in  dinmcter. 

975.  Dew  is  the  moisture  of  the  air  condensed  by 
coining  in  tjoatact  with  bodies  cooler  tlmn  itself.  The  temperature 
at  which  this  dep>s»tion  of  moii^ture  eommencos,  is  called  the  dew 
pQint  The  dew  point  vuric*  according  to  the  hygrometrio  state 
of  the  atmosphere  ;  being:  nearer  the  temperature  nf  the  air,  the  more 
completely  the  air  \^  saturated  with  m<-iisture.  In  this  climate,  in  sum- 
mer, the  dew  point  is  often  30°  or  nnjre  below  the  temperature  of  the 
atmosphere.    In  India,  it  has  heen  known  to  be  as  much  as  61°. 

Cause  of  dew.~Dr.  Wells,  of  London  {born  iu  South  CaroHnii), 
dt^tcrmincd,  by  hia  researches,  the  cause  of  dew.  It  may  he  given 
briefly  m  follows : — During  the  day,  ttie  surface  of  the  carlh  becomefl 
heated  by  ihe  sun,  and  the  air  is  warmed  by  it.  When  the  sun  goet 
down,  the  earth  continues  to  radiate  heat  without  reeeirtng  any  in 
return,  and  thuei  its  temperature  diraimfih<t;s,  Tho  air  loses  its  heat 
tnore  sluwly^  and  is  conleil  only  when  it  comes  in  contact  with  the 
cti^^ler  ear(h.  If  this  cooling  re!K'liC»  the  Jew  point  of  the  air,  moisture 
is  condensed  in  the  form  of  f>mall  drops  upon  cold  objects  (gi:>u<]  nidUk- 
tors),  ns  the  soil  or  vegetniion. 
ClrcumiUuices  iuflueocijig  the  production  of  dew,-~TlM 
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amount  of  dew  deposited  in  a  given  time  depends  upon  the  humidity, 
tranquility,  and  serenity  ci  the  air.  Since  dew  is  the  moisture  of  the 
atmosphere  condensed,  it  is  evident  it  must  be  affected  by  tKe  amount 
the  air  contain  On  a  windy  night,  the  air  in  contact  with  cold  objects 
is  so  qui.ia/  changed,  that  it  is  not  cooled  down  to  the  dew  point;  but 
gentle  agitation  of  the  air  favors  the  production  of  dew,  bringing  more 
moist  air  to  furnish  dew  to  cold  objects.  The  most  copious  deposits  of 
dew  take  place  on  cool,  clear  nights.  For,  when  there  are  clouds,  these 
radiate  back  the  heat  which  has  escaped  from  the  earth,  and  thus  pre- 
vent its  cooling,  and  therefore  no  dew  is  deposited.  If  the  clouds  sepa- 
rate only  for  a  short  time,  dew  is  rapidly  deposited. 

Straw,  mats,  boards,  &c.,  used  by  gardeners  to  protect  delicate  plant? 
from  freezing,  act  in  the  same  manner  as  clouds,  to  prevent  the  deposit 
of  dew  or  frost.   See  Fig.  718. 

976.  Subatanoea  upon  whioh  dew  falls. — Dew  does  not  fall  upon 
all  substances  alike ;  in  consequence  of  differences  in  radiating  and 
conducting  power,  certain  substances  cool  quicker  and  more  perfectly 
than  others.  The  dusty  road,  the  rocks,  and  barren  soil,  cool  slowly, 
receiving  heat  from  the  earth  by  conduction,  and  therefore  on  them  but 
little  dew  falls.  Trees,  shrubs,  grasses,  and  vegetation  of  eveiy  kind, 
radiate  heat  easily,  and,  on  account  of  their  peculiar  structure,  Uiey 
receive  but  little  heat  from  the  earth,  or  other  objects,  by  conduction ; 
hence  they  become  rapidly  cooled,  and  abundance  of  dew  is  deposited 
upon  them. 

977.  Frost  is  frozen  dew.  When  the  temperature  of  the  earth  sinks 
in  the  night  to  the  freezing  point,  the  aqueous  vapor  then  deposited 
congeals  in  the  form  of  sparkling  crystals,  known  as  hoarfrost.  Fig. 
718,  from  Stoeckhardt,  in  which  the  arrows  indicate  the  movements  of 

718 


heat,  and  the  numerals  the  temperature  of  the  air,  will  render  the  phe- 
nomena of  dew  and  frost  more  intelligible. 
The  sun's  rays  in  winter,  may,  in  the  day,  warm  the  soil  to  53°,  as 
he  figure,  while  the  air  above  the  ground  is  50°.    At  night,  the  ra- 
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dialion  into  a  cloudless  eky^  will  reduce  tho  temperature  of  llie  ground 
to  43",  or  even  33^  while  the  ftir  above  the  same  p>iiit*  Is  46"*  or  39". 
But  a  cluud  rc5ting  above  the  earth  prevents  radiation^  and  refiecla  ibe 
bt'ftt  back  to  l!ic  earth.  So  Jew  or  fro^t  will  be  deposited  on  the  upper 
furrace  of  n  platfyrin  when  radiation  takes  place  freely,  while  boards^ 
Jike  ibe  f  lond,  reflect  back  the  heat  coming  from  the  gfouad. 

978.  ClQudB  are  nias$0a  of  vapor  that  Gmt  in  the  tipper  regiom  of 
the  tttmosphere.  Tbey  are  diatinguished  from  foga  only  by  their  alti- 
tude ;  they  always  result  from  the  partial  coadenBation  of  tba  T&pora 
that  rise  from  the  earth.  As  clouds  often  float  In  regions  whose  teta* 
peratur«  la  many  degrcea  below  the  freezing  point,  tbey  are  sometimes, 
no  doubt,  compoijed  of  frotm  piirtie)e,s. 

Clou<ii  being  condcoscd  moijtnni,  lieariflr  tbu  the  $j.T,  fud  bftf 0  •  te:a- 
dencj  U>  fnJt  to  th«  earth,  Tbi«y  ar«  k«pt  sucpeBdod  in  th«  Air»  1.  Bj  uotsodi&g 
cnrrentj  during  tbo  di^y,  tbo  warnior  aii  di&sitlTtng  ihe  rloud  as  fma%  lu  it  fnUa 
into  it^  Sucb  elouds  aro  moTo  eloriLtcd  iit  midday  ibau  in  tb«  mumitig,  AXtd 
ih«j  deaeetid  lownrdA  tb«  «iirtb  lit  Grcning. 

3.  Ilori^ontal  current!  Also  oppose  the  fall  c>f  ctoudf^  The  minnta  TO«i«teii  qt 
globules,  whiebevor  ihey  may  be,  «r«  carried  Tuii-irarJ  and  diesdvcd  bj  the  drier 
ftir  on  the  kdrancin^  sido  of  ibo  cloudj  while  od  the  wmdward  side  of  the  clvud^ 
Tkpor  ia  otinstaiittx  precipitated. 

The  reiutance  of  the  ait  opposcA  the  rapid  deie«nt  «f  eloiidt.  TkU  resi«t- 
Amca  ii  in  tfaA  infer!«  propdrtioti  io  th«  dimoDEiona  of  the  pariiclci.  F«r  thin 
reMOD,  coasidernlito  time  wo  aid  be  required  for  vapor  to  dmrvud  «Tcti  A  f«w 
hundred  feet*  If,  mtinj  writers  luppoao,  the  nnier  of  clouds  exists  to  the 
toTta  of  taiauto  *re»icl««  containing  air,  tb«  ^ipatiMon  of  ibc  eueloscd  air  hj 
beat  would  at  once  actonot  for  tbe  baojaacj  of  clouda;  fur  they  wimld  daiLt  like 
baltoodi  in  air  of  their  own  aggregate  density,  *ad  every  iacrejiM  «f  b««t  would 
Increase  their  baojancy, 

979.  Claaalficatioo  of  clouds.^ — Clouds  are  generally  divided  into 
faor  great  classes,  viz. :  the  nimbus,  the  cumtiluti  the  straitiSf  and  the 
cirrttSt  ae  shown  in  the  diagram,  fig,  719. 

Intermediate  forma  of  clouds  are  distinguished  by  the  names  of  eirro^ 
MiraiuJt^  cirrQ-ciimnItts,  and  cvmuh-slratus. 

Tb*  tif fM§  ^ cirrus,  f»fi)  usuallj  reicmblci  a  di^hereled  loek  of  !iair,  lie'mg 
eotnpo^^d  of  Btreuki  ar  feather;  fitiuucnt8,  axjumin^  ewrj  variety  of  figure. 
Tba  rirrus  QiiaU  At  a  higher  elevatioD  thao  other  trluudd,  aud  pr^bablj  ts  gften 
eompo^od  of  BDo«-fiake«.  It  i«  wmoBg  ibe  drri  that  batve  mad  ]iarbclla  an» 
formed. 

The  eHtnttJut  (ettmalos,  hrftp)  ip|»eari  often  in  the  form  of  a  hemLspberOj 
restiux  on  a  h orison tal  hnae;  tnmttimt*  in  dctiu^bcd  macpei,  |:aibcrvd  in  one 
vatt  cloud,  near  tbe  bortioa.  Wihen  Ugblt^d  up  l*y  tbti  «nn.  Ibt^j  prtr^ont  the 
appearance  uf  nionntaiof  of  fffiow,  Tb«  cuiuulim  it  tbo  elond  of  day ;  in  tUo 
fiflQ  dnyj  of  lummcr  tt  la  most  perfect. 

The  nntne  of  eirra-cutnntiiii  ia  gtr^n  to  Htlle  rounded  d;oiid«. 

Tbe  curnuli  uw«  their  «xUlMic*  l«  a4««adiag  eurreDU ;  thtir  b^gbl  Tarf<j 
fT«aily,  but  it  li  alwiyi  lew  tb«a  ibal  of  th«  oirrb 

The  ittatut  (wtni9*t  tapcftttg}  etmibt*  of  tU^U  of  elonJ,  of 
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Birctchut^  aUng  And  rostitig  upon  tbo  b^rlitjo.  It  (orms  »hmt  flnnivtr  tecvwii 


rlurittg  tbe  night,  and  diAappears  abnat  iubriati.    It  floMs  at  a,  muderBte  eUm^ 

The  c{n^n-i>tf<itn»  pEirhikus  of  the  cbamtitcr  of  (be  cirmt  tnd  Mnttuu  It  ia 
remarkable  for  length  and  tbickiiefld.  It  iippcar«»  iombttme^f  sji  »  Innf  atiil 
niirrnw  bjicid ;  nt  otber  timop,  u  compoffid  of  siotUI  rows  of  et<>uda  or  hurt  uf 
vapor.  CumuU,  baaped  togf^thar,  piui  ioto  tbe  condition  of  rnrnttt't-tlratmn^, 
wbicb  coniist^  of  »  buriKontfll  «irttLuta  of  v»por,  from  ff^faiob  Hire  iu«m«<  ot 
cumulU  TbeiQ  oftcu  lusumv,  at  (bd  burix^n,  k  dark  tint,  audi  pm»t  into 
DunbTii  statu. 

Tbe  Htmbntf  or  raiti-elmid  (t3imbQ9j  jfnfm).  This  bajs  i  ohiirtcterlitic  ilorn* 
like  foria  ;  it  is  diaLinguisbisd  (mm  i^lbera  bj  its  uaifumi  gnj  or  bUckUh  linlf 
und  Us  cdgcA  fricigcd  wiib  light. 

930.  Rain  is  the  xnpor  of  clyuda,  or  af  the  nir,  precipitated  to  iho 
earth  in  drops,  Huin  h  generally  produced  bv  tijc  rn\nd  utuoti  of  twn 
or  more  volumes  of  humid  air,  differing  considerably  in  temperature; 
tlie  several  portiocF,  wbeo  mingled,  being  inculpable  of  iiliAnrhhig  tlte 
Bame  attioitnt  of  mdsture  that  each  would  retnin  if  they  had  uot  united. 
If  the  exc^^a  u  great,  it  falls  as  rnin  ;  it'  it  is  of  flight  ami»utit,  it 
appeurs  as  cloud.  The  production  of  ram  is  the  result  of  the  luw^  thut 
the  capadtj  i>f  air  for  moisiturQ  decreases  in  a  liiglier  rati©  iJiAti  th» 
tcnipcrature* 

/ffuVi 'jyai/i^^*,— Tngtrumenta  for  detcrmlntng  the  quantity  of  raiti,  a 
galled  rmtt'ffmt/^'^Jt,  ombromeUrtt  hj/^tometerf,  Ac,   Tliey  wo  of  vorjr 
various  construction. 

Ortc  nf  tbo  KifTiplriAt  riitn-ftAii|re«  non?iit(n  nf  a  pvltndrinal  pnpi»rr  if(i»«cl.  f^tr» 
tiietbi*d  wUL  it  flujit;  Ibu  rain  fdllittg^  lulu  iho  ¥e»»el,  tbu:  float  ri*«ft.    Tbo  aicoi 
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»f  th«  float  it  wcnrAtclj  grodiiAtiid,  ho  Uiftt      inereiUfl  in  th«  doplh  of  tbft  vKt«r 

of  one  ono-hunJferltb  of  aa  inch,  u  cmlIj  meiMDrcd, 

Another  rom- gnu gc^  a  nxrctinfi  of  vthieh  w  represented  in  fig,  t20,  eo&tict«  of 
»  rjrlindrkal  cnpiicr  reflsol,      cloautl  bj  a  corer,  B,  sba{>ed 
ltk«  ft  fitBDol,  with  na  apcnure  in  the  centre,  lb,r«iiglii 
ivliich  th«  water  pnf^vov  into  tbu  interior,   TUi*  oorer  pr*- 
lUi  loHV  bjr  eviijiorAUoD.    A  labersl  gliua  taboj  A,  can* 
ill^  gr»4o«Ee<l,  rt^ea  frum  th«  bue  of  the  v«9mI.  Tb« 
ratisr  ris««  in  the  tsthtt  to  tbtr  Mme  beigbl  u  i&  tbe  eoppor 
r)iader»  If  tbe  ^ppmraUii  faki  been  in  aa  ezpoied 

iSlOftliua.  fur  A  certain  dmc^  as  a  months  and  tho  gauge 
.thowi  thrwj  inelie*  pf  'W»t«r,  tbi*  indicates  Lbat  tLo  raio 
t^ttl  imuk  faDcD  during  tbe  ial^rrDl  woald  corcr  the  eortli 
Fto  tb«  de]itU  uf  thr<!«'  incfaea,  if  it  were  not  dimuiLihcid  bj 
ItTkpornUoD,  or  iufittrAtiuti, 

Frtitn  n  suries  of  c^xpertmc^t?  made  at  the  SmithFefDlan 
[|i«tituU'uO,  nod  COD  tainted  for  soreral  ^'cars,  il  is  fotmd 
lai  a  tmaXi  e^HodrlcaL  giMigc^  of  2  tneb«t  in  di»ai«t«r,  and  abont  six  inches  in 
ingth,  canntsetAtil  wiLb  a  tube  of  bftif  tbe  diameler^  to  retaiei  itad  ineasarD  tb« 
'irai«f,  tbe  tttoit  accnrate  results.    Tn  still  veath«r,  it  indicates  the  aaain 

■iiiioatit  of  wat«r  as  tbo  Urgvr  gauges  ;  btit  wb^^n  Ifae  wind  is  high,  it  reeeirea 
lore  rain;  for*  on  accoaat  of  its  small  size,  tbe  foroo  of  thit  eddj  wbidi  is  pro- 
*iHiicm4^  is  mueh  less  in  proporlion  to  tbe  drops  of  water.  This  gangt  ai9f  b« 
•nil  further  imprured  bj  cutting  a  holn  of  the  sise  of  tbe  ojlioder,  in  a  ctr^- 
lar  plate  ef  lla,  of  4  or  S  inebea  in  diameter,  add  soldoring  this  to  tbe  cjVloder, 
like  the  rim  of  an  inverted  bat^  three  or  foar  iaebea  Uolew  tbe  orifice  of  the 

Distfibution  of  ntln. — Ram  U  not  equnllj  dtatributed  over 
tbe  surface  of  the  earth.    As  a  general  rule,  it  timj  be  stHtcd  that,  the 
ligher  the  averitgo  temperattire  of  a  coimLry,  tbe  greater  will  be  tho 
iniount;  of  rain  that  falla  upon  it.    Local  cause^i  however,  produce 
MunrkAljlo  departures  frota  tliia  Tu\e^ 

In  tbe  tropics,  tbe  arerago  jearJ j  rsin  fall  Is  nlnety-flve  inches  ;  in  the  Lempe-. 
tone  it  is  thirty-fire  iaehes.    Within  tlio  tropics,  the  greatest  qqi^ntlty  of 
&lls  when  tbe  ma  is  at  its  sc'tiUh,  that  is,  in  tho  se&ion  corresponding  to 
■nmRier.    North  of  the  tropics  it  raini  teOre  abundantly  in  winter. 
In  certain  regions  tbGri»  Is  a  periodieal  season,  when  raio  it  very  abundant 
ffitiait  months,  esJled  tbe  ralajr  teuoiL   Daring  tbe  remainder  of  tbe  jrear, 
nailed  the  dry  seasfia,  it  seldom  nint. 

Many  regions  are  dcstitiite  of  rs>in.  In  Egypt,  it  scarcely  ^vnt  rains. 
Along  the  coa*t  of  Peru,  is  a  long  strip  of  tasd  nptm  wbitb  no  rain  over 
dflseeods.  A  similar  deslitutioa  of  min  oeeurs  on  the  costt  of  Africsb,  and 
eotne  parts  of  Korth  America;  ibo  intervaU  between  the  shnwers  Mag  #ix  or 
•even  years. 

to  Gniao*  >l  rains  duritig  a  great  part  of  the  year;  this  is  al»o  the  case, 
aceoriling  to  Davlioo,  at  the  Straits  of  Magellan.  In  the  TxlKud  ^f  rhiliH)  (S* 
l^U  there  is  a  proverbiat  aayiitg,  that  it  rains  sU  da/t  of  the  week,  and  is 
eloudy  on  the  s^fouth. 

982,  Day*  of  lala.— Tlie  rainj  days  lire  moT«  numerous  iti  bigh 
^thaa  in  low  latitudes,  na  is  aeen  in  tlie  f^^UowitiE  Uhh,  ftlU* 
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aDnnal  amount  of  rain  which  falls  is  smaller.  Gonseqaentlj,  the  ordi- 
nary rains  of  the  tropical  regions  are  more  powerful  than  those  of  the 
temperate  regions. 

N.  latitude.  Mean  anDual  number  of  rainy  daya. 
From  12°  to  43°  78 
«    43°  "  46°  103 
«    46°  "  60°  134 
"    60°  "  60°  161 

In  the  northern  part  of  the  United  States  there  are,  on  the  average, 
about  134  rainy  days  in  the  year ;  in  the  southern  part,  about  103. 

983.  Annual  depth  of  rain. — The  greatest  annual  depth  of  rain 
occurs  at  San  Luis,  Maranham,  280  inches ;  the  next  in  order  are  Vera 
Cruz,  278 ;  Grenada,  126 ;  Cape  Francois,  120 ;  Calcutta,  81 ;  Rome, 
39 ;  London,  25 ;  Uttenberg,  12  5.  In  our  country,  the  annual  average 
fall  is  39-23  inches ;  at  Hanover,  N.  H.,  38 ;  New  York  State,  36 ;  Ohio, 
42 ;  Missouri,  38  265. 

984.  Snow  is  the  frozen  moisture  that  descends  from  the  atmosphere, 
when  the  temperature  of  the  air  at  the  surface  of  the  earth  is  near,  or 
below,  the  freezing  point.  The  largest  flakes  of  snow  are  produced 
when  the  atmosphere  is  loaded  with  moisture,  and  the  temperature  of 
the  air  is  about  32° ;  as  the  cold  increases,  the  flakes  become  smaller. 

The  bulk  of  recently  fallen  snow  is  ten  or  twelve  times  greater  than  that  of  the 
water  obtained  from  it.  Snow  flakes  are  crystals  of  various  forms.  Scorcsbj  has 

enumerated  six  hundred  forms,  ond  figured  ^  721  

ninety-six.  Kaemtz  has  met  with  at  leant  I 
twenty  forms  not  figured  by  Scoresby.  Cryn- 
tals  of  snow  are  not  solid,  else  they  wlDfld  be 
transparent  as  ice ;  they  contain  air^  It  ia 
to  the  reflection  of  light  from  the  'iiaeiti- 
bla;;e  of  crystals,  that  its  brilliant  whttencsf 
is  due.    Snow  crystals  are  produced  witb 

most  regularity  during  calm  weather,  witbootj  

fog.  Fig.  721  represents  a  few  of  the  kwvtUkd  fom»'««sUBi0d     talrif  a^ililk 

985.  Colored  anow  is  mentioned  by  Pliny.  It  occurs  under  two 
very  different  circumstances, — either  while  the  snow  is  falling,  or  some 
time  after  its  descent. 

In  1808,  roso-colorod  snow  fell  in  the  Tyrol  and  in  Carinthia.  Its  color  was 
owing  to  an  earthy  powder,  composed  of  iron,  silcx,  and  alumina.  Of  a  similar 
composition  was  a  red  snow  that  foil  on  the  mountain  of  Toual,  in  Italy,  in 
1816.  These  facts  prove  conclusively  that,  at  times,  snow  tinged  with  mineral 
ingredients,  falls  upon  tho  earth.  That  the  color  is  sometimes  (and  generally) 
produced  by  tho  presence  of  minute  organisms,  is  no  less  conclusively  demon- 
strated. Captain  Ross,  in  1819,  discovered  a  crimson  snow  clothing  the  sides 
of  the  mountains  at  BaOin's  Bay.  It  has  been  observed  on  the  PyrCn^es,  Aips, 
and  Apennines ;  in  Scotland,  Sweden,  Norway,  Ac.  Certain  French  meteorolo* 
vists,  at  Spitzbcrgen,  in  1838,  passed  over  a  field  covered  with  snow,  which 
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appoarcd  of  a  green  hue,  whenever  pressed  upon  by  the  foot.  Agassii  regards 
these  colors  as  animal  products,  believing  thorn  to  be  the  ova  of  a  rotiferous 
animalcale.  The  more  common  belief  is,  that  (generally,  at  least)  these  hues 
are  owing  to  the  presence  of  a  certain  class  of  microscopio  plants,  the  different 
colors  representing  different  stages  of  development  Martini  gives,  perhaps, 
the  correct  explanation  :  that  this  product  is  a  vegetable  cell,  enclosing  fluid,  in 
which  multitudes  of  infusoria  find  a  nidus  and  support 

986.  Hail  is  the  moisturo  of  the  air  frozen  into  globales  of  ice. 
Hail-stones  are  generally  pear-shaped ;  they  are  formed  oC  alternate 
layers  of  ice  and  snow,  around  a  white,  snowy  nucleus.  It  is  necessary 
for  the  production  of  hail,  that  a  warm,  humid  body  of  air,  mingle 
with  another  so  extremely  cold,  that,  after  uniting,  the  temperature 
shall  be  below  the  freezing  point.  The  difficulty  of  explaining  the 
phenomena  of  hail-storms,  consists  in  accounting  for  this  great  degree 
of  cold. 

Hail-storms  are  most  frequent  in  temperate  climates.  They  rarely  occur  in 
the  tropics,  except  near  high  mountains,  whose  summits  are  above  the  snow- 
line. Ic  is  in  great  part  during  the  summer,  and  in  the  hottest  part  of  the  day, 
that  hail  falls,  llail-storms  rarely  occur  at  night.  Hail-stones  are  oflcn  of 
eonsiderable  size;  the  largest  are  flrequently  an  aggregation  of  several  frozen 
together.  Sleet  is  frozen  rain;  it  occurs  only  in  cold  weather;  it  falls  only 
daring  gales,  and  when  the  weather  is  variable. 

I  4.  Electrical  Phenomena. 

987.  Free  electricity  of  air. — The  general  laws  of  atmospherio 
electricity  have  been  considered  in  a  previous  paragraph  (8C1). 

It  is  common  to  refer  the  free  atmospheric  electricity  to  several 
causes,  always  at  work  on  the  earth's  surface,  as,  1.  Evaporation, 
especially  of  impure  water;  2.  Condensation;  3.  Vegetation  (945); 
4.  Combustion ;  and,  5.  Friction ;  without  doubt  these  are  all  causes 
of  electrical  excitement  in  the  air.  But  far  more  important  than  them 
all  is  the  powerful  inductive  influence  of  the  negatively  excited  earth 
upon  its  gaseous  envelope.  The  dense  air  near  the  earth's  surface 
irf  like  the  dielectric  of  the  ^pinus  condenser,  and  the  constant  pre- 
sence of  positive  electricity  in  the  air  is  a  fact  not  explicable  on  any 
other  hypothesis  than  that  of  induction  from  the  negative  earth. 

In  addition  to  the  laws  already  announced  in  §  861,  may  be  added 
the  fact  that  atmospheric  electricity  is  more  abundant  in  summer  than 
in  winter. 

988.  Thander-storms  arc  most  frequent  and  violent  in  the  equato- 
rial regions.    They  decrease  in  frequency  towards  either  pole,  and  are 
more  frequent  in  the  summer  than  in  the  winter  month*  mid 
day  than  in  the  morning.    They  are  produced  in  tb» 

ordinary  storms ;  but  they  differ  from  them  w 
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in  the  rapidity  and  extent  of  the  condensation  of  the  atmoepherio  vapor, 
and  in  the  accumulation  of  electricity. 

Thunder-storms  are  nsu&lly  attended  by  an  alteration  in  the  direction  of  the 
wind.  Of  one  hundred  and  sixteen  thunder-storms  recorded  in  the  Meteorolo- 
gical Register  of  the  Connecticut  Academy,  ninety-nine  were  either  preceded  or 
followed  by  an  alteration  in  the  direction  of  the  wind. 

Thunder-storms  generally  prevail  in  the  lower  regions  of  the  atmo- 
sphere. They  are,  however,  not  unfreqnently  observed  at  great  eleva- 
tions. Kaemtz  notices  one  on  the  mountains  of  Switzerland  which 
rose  to  the  height  of  more  than  10,000  feet. 

The  geographioal  distrlbation  of  thunder-storms  has  been  lately 
discussed  by  Prof.  Loomis  (Am.  Jour.  Sci.  [2]  XXX.  94),  whose  results 
confirm  the  general  statement  already  made  with  reference  to  latitude, 
thus : — 

Between  latitude  0<>  and  latitude  30°  "I  f  51-6 

"  "      30     "      «      60       The  average  number      19  9 

"  "      60     "      "      60     -     of  thunder-storms  -  14-9 

"  "      60     "      "      70  annually  is  4* 

Beyond      "70  J  [  0- 

Maury's  storm  and  rain  charts,  however,  show  that  the  frequency 
of  lightning  depends  on  other  circumstances  than  simply  latitude,  since 
throughout  the  western  half  of  the  Atlantic  Ocean  lightning  is  three 
times  as  frequent  as  over  the  eastern  half  of  that  ocean,  and  two  and  a 
half  times  as  frequent  in  the  North  Atlantic  as  in  the  South  Atlantic. 

The  origin  of  thander-clouds  appears,  by  both  theory  and  obser. 
vation  to  be  due,  in  this  country,  to  the  rushing  up  of  the  lighter  air 
to  restore  the  normal  equilibrium  of  the  atmosphere,  which  had  been 
disturbed  or  rendered  unstable  by  the  gradual  introduction,  next  to 
the  ground,  of  a  stratum  of  warm  and  moist  air.  The  upper  end  of 
such  an  ascending  column  of  air,  on  the  principle  of  Peltier  (861), 
must  be  negatively  electrized,  as  its  lower  end  receives  positive  induc- 
tion from  the  negative  earth.  As,  by  the  principles  established  by 
Espy,  the  excess  of  watery  vapor  in  such  a  cloud  will  be  precipitated 
as  it  rises,  it  follows,  that  the  ascending  column  becomes  a  conduc- 
tor, and  a  scries  of  electrical  discharges  will  take  place  between  the 
uppjjf  and  lower  parts  of  the  cloud.  The  hour-glass  form,  which  the 
aeronaut  AVise  asserts  is  the  shape  of  a  thunder-cloud,  when  seen  from 
one  side,  in  a  balloon,  confirms  this  view.  (Consult  Professor  Henry's 
paper  on  Meteorology,  in  the  Report  of  the  Patent  OflSce  for  1859, 
Agriculfure.) 

989.  Thunder. — As  lightning  passes  through  the  air  with  amazing 
velocity,  it  violently  displaces  it,  leaving  void  a  space  into  which  the  air 
rushes  with  a  loud  report ;  this  is  ihundcr. 
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The  rolling  of  thunder  ia  generally  ascribed  to  the  reverberation  oC  the  Round 
from  clouds  and  adjacent  mountains.  It  is  also  considered  that  as  the  lightning 
darts  to  a  great  distance  with  immense  velocity,  thunder  must  be  produced  at 
every  point  along  its  course,  and  the  sounds  not  reaching  the  ear  at  the  same 
time  that  elapses  between  lightning  and  its  thunder,  we  are  enabled  to  calculate 
the  distance  of  the  former.  According  to  Mr.  Eamsbaw,  the  sound  of  a  thunder 
clap  is  propagated  with  much  greater  velocity  than  ordinary  sounds.  See 
Appendix,  p.  668. 

900.  Iiightning. — It  has  already  been  stated,  that  air  subjected  to 
compression  emits  a  spark.  The  production  of  lightning  is  by  some 
attributed  to  the  energetic  condensation  of  the  atmosphere  before  the 
electric  fluid,  in  its  rapid  progress  from  point  to  point.  When  lightning 
is  emitted  near  the  earth,  the  flashes  are  of  a  brilliant  white  color ;  when 
the  storm  is  higher,  and  therefore  in  a  rarefied  atmosphere,  their  color 
approaches  to  violet  Clouds  appear  to  collect  and  retain  electricity. 
When  a  cloud  overcharged  with  electricity  approaches  another  less 
charged,  the  electric  fluid  rushes  from  the  former  to  the  latter.  In  the 
same  manner  the  electric  fluid  may  pass  from  the  clouds  to  the  earth. 
In  such  cases,  elevated  objects,  as  trees,  high  buildings,  church  steeples, 
Ac.,  often  govern  its  direction.  It  is  unnecessary  to  dwell  upon  the 
powerful  and  destructive  effects  of  lightning. 

991.  Classea  of  lightning. — Lightning  has  been  divided  by  Arago 
into  three  classes,  viz. :  zigzag  or  chain  lightning,  sheet  lightning,  and 
ball  lightning.  We  may  add  heat  lightning  and  volcanic  lightning.  This 
classification  is  convenient,  and  is  universally  adopted. 

Zigxag  or  chain  lightning  is  supposed  to  owe  its  form  to  the  resistance 
of  the  air  compressed  before  it.  The  lightning  takes  the  path  of  least  resist- 
ance; then  moves  forward  until  it  meets  with  a  like  opposition,  and  so  continues 
glancing  from  side  to  side  until  it  meets  the  object  it  seeks.  Sometimes  the 
flashes  divide  into  two,  and  sometimes  into  three  branches;  it  is  then  called 
forked  lightning. 

Sheet  lightning  appears  during  a  storm  as  a  dilTuse  glow  of  light  illumi- 
nating the  borders  of  the  clouds,  and  occasionally  breaking  out  from  the  central 
part. 

Heat  lightning  as  it  is  called,  appears  often  in  serene  weather  during 
summer,  near  the  horizon;  it  is  generally,  if  not  always,  unattended  with 
thunder;  host  lightning  is  the  reflection  in  tbo  atmosphere  of  lightning  very 
remote,  or  not  distinctly  visible.  By  many,  this  phenomenon  is  supposed  to  be 
occasioned  by  tbo  feeble  play  of  electricity  when  the  air  is  rarefied,  and  the 
pressure  upon  the  clouds  is  so  much  diminished  that  the  electric  fluid  cannot 
accumulate  upon  their  surface  beyond  a  certain  point,  and  escapes  in  noiseless 
flashes  to  the  earth. 

Ball  lightning  appears  in  the  form  of  globular  masses,  sometimes  remain- 
ing stationary,  often  moving  slowly,  and  which  in  a  little  time  explodo  with  great 
violence.  This  form  of  lightning  is  of  very  rare  occurrence,  and  philosophers 
have  not  as  yet  been  able  lu  account  fur  it. 
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Voloanio  lightning. — The  olonds  of  dnat,  ashes,  and  rapor,  that  iarae 
from  active  volcanoes,  are  often  the  s^ne  of  terrific  lightning  and  thunder. 
Yolcanio  lightning  is  probably  caused  by  rapid  condensation  of  the  vast  volnmes 
of  heated  vapor  thrown  into  the  air. 

The  rapidity  of  lightning  of  the  first  two  classes  is  probably  not  less 
than  two  hundred  and  fifty  thousand  miles  per  second.  Arago  has 
demonstrated  that  the  duration  of  a  flash  of  lightning  does  not  exceed 
the  millionth  part  of  a  second.  The  waving  trees  illuminated  at  night 
by  a  single  flash  of  lightning  during  a  storm  appear  motionless;  the 
duration  of  the  flash  is  so  short,  that,  during  its  continuance,  the  trees 
have  not  sensibly  moved. 

992.  Return  stroke. — When  a  highly  charged  thunder-cloud  ap- 
proaches the  earth,  it  induces  the  opposite  kind  of  electricity  upon  tiie 
ground  below,  and  repels  that  of  the  same  kind.  If  the  cloud  is 
extended,  and  comes  within  striking  distance  of  the  earth,  or  of 
another  cloud,  a  flash  at  one  extremity  is  often  followed  by  u  flash 
at  the  other.  This  latter  is  called  the  return  stroke,  and  sometimes 
is  of  such  violence  as  to  prove  fatal,  even  at  a  distance  of  several  miles 
from  the  point  of  the  first  discharge. 

993.  Iiightning-rods  were  first  introduced  by  Dr.  Franklin.  lie 
was  induced  to  recommend  their  adoption  as  a  means  of  protection  to 
buildings,  from  the  effects  of  lightning,  by  observing  that  electricity 
could  be  quietly  and  gradually  withdrawn  from  an  excited  surface  by 
means  of  a  good  conductor,  pointed  at  its  extremity  (82G). 

Lightning-rods  are  ordinarily  made  of  wrought  iron ;  but  copper  is  prefera- 
ble, being  a  better  conductor  of  electricity,  and  less  easily  corroded.  The  siie 
of  tho  rod,  if  of  iron,  should  not  be  less  than  three-quarter  inch  in  diameter. 
The  upper  extremity  of  tho  rod  should  be  pointed.  Three  points  is  the  usual 
number  used  in  tho  United  States,  but  one  is  sufficient  The  points  should  be 
tipped  with  silver,  gold,  or  platinum,  or  copper  gilded  by  electricity ;  these 
metals  being  unnfiectcd  by  the  air,  which  would  corrode  tho  copper  or  iron,  and 
render  them  poorer  conductors.  The  rod  should  be  continuous  from  lop  to 
bottom,  and  securely  fastened  to  tho  building.  Glass  or  wooden  insulators  are 
often  recommended,  but  when  once  wet  by  a  shower,  there  is  but  little  advantage 
in  thom  over  metallic  supports.  When  there  are  surfaces  of  metal  about  the 
building,  as  gutters,  pipes,  Ac,  these  should  be  connected  with  tho  conductor  by 
strips  of  metal,  as  first  recommended  by  Prof.  Henry.  The  lower  part  of  the 
rod,  where  it  enters  the  ground,  should  be  divided  into  two  or  three  branches, 
and  bent  away  from  tho  building,  penetrating  so  far  below  the  surface  of  the 
earth  as  to  reach  water,  or  permanently  moist  soil.  Charcoal  is  recommended 
to  fill  the  bole  in  the  centre  as  a  means  of  cfTecting  a  better  conduction.  In  a 
church,  in  New  Haven,  the  lightning  has  twice  penetrated  a  twenty  inch  brick 
wall  at  a  point  opposite  a  gas-pipe,  20  feet  abovo  the  earth,  through  which  the 
discharge  has  escaped  to  the  earth,  although  the  conductor  of  three-quarter  inch 
iron  wurf  well  mounted,  but  its  connection  with  the  earth  was  less  perfect  than 
tLat  uf  the  gus-]iipc. 
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Proteotl^e  power,— AccordiDg  to  Mr.  Cbarlea,  a  liglitnliig-nHl  pTO- 
t<(?ct»  a  fipaec  tiroutid  it,  whuBe  rndiua  it  &qaal  to  twice  itA  beigiit  aboro 
tbts  baikling,  Tliua,  if  a  conductor  extend  ten  feet  above  tbe  liouse,  it 
nffitrdif  protection  to  a  circular  BpAqe  fortj  feet  in  diameter^  tho  rod 
b^iiig  iu  the  centre. 

Conductora  do  not  attract  tho  ILghtDiDg  toward  the  baiUlinj^  opou  wliicb  th«f 
i.ro  pl»ecd,  Ttiej  sitopljr  direct  tho  course  Hud  facilitate  the  pufAgo  of 
fkclricUj  Id  tba  eartb^  which  oUiierwisfl  might  have  been  (^l^ected  tu  h  puworful 
■ad  dciiructive  dischjirge  through  th«  Wilillng.  ll  h  indevd  eonfidcrcd  by 
Aiitg^t  t^f^l  ** ligbtoiQg-rod«  Qot  9n]y  render  atroktia  of  ti^blniDg  in<»fi«]isir% 
but  vunsuierablj  dimiDish  tbe  cbuucfi  of  tbcir  b«mg;  atruck  at  all," 

994.  Aurora  boreaUa,— Under  this  name  are  comprised  the  luminous 
phenomena  seen  frequently  in  the  northern  sky;  and  also,  although 
more  tare!?,  in  the  neighborhood  of  the  aouth  ptde;  thej  are  llien  called 
atirura  austi'aliitt  They  present,  when  in  full  display^  a  spectacle  of 
surpassitig  gplendar  and  beautj.  TJie  cause  of  the  nurorn  borenHs  is  jei 
invulrcd  in  obscuritj.  Although  it  is,  ovidentlj,  intmiately  connected 
wtib  terreatrittl  magnetic  electricity,  >t  is  iniposMibie  at  present  to  say 
exactly  what  this  connection  is.  It  has  been  ascribed  to  the  poasagd 
of  clectrictti  currents  tbroqgh  the  upper  regions  of  the  atniospbere,  the 
dtflfercDt  colors  being  nittnifcatcd  liy  the  passage  of  the  electricity 
throu'^h  air  of  different  densities. 

AppearancQ  of  auroraa. — Before  the  aurora  appears,  the  sky  in  tli0 
northern  hemiepbere  usually  assumes  a  darkish  hue,  which  gradually 
dcepena,  until  a  circular  segment  of  greater  or  less  size  is  furmed.  This 
dark  segment  h  bounded  by  a  lummuiis  arc,  of  a  brilliant  white  eolor^ 
apprcmehing  to  blue* 

Tbe  lutrer  tidge  nt  lids  arc  ii  closHj  defined r  it«  opp«r  tdgs  gT«dmkUy  bloadi 
with  tbe  Wb«Q  ibis  laitiiEiou»  arc  i§  formed,  it  TrequcDtlj  remaiai  Tisibla 

for  m^aj  hours,  but  it  is  dwAjr^  in  mutiuti.  It  rU««,  f«ll»,  »nd  breaks  in 
TnrUiUB  Clouds  of  light  bre  soddeolj  diHingB^ed,  aep&nling  intu  rajt, 

wliieb  itreftiu  upward*  like  t<»ngue«  of  %n,  moTiiig  b^ekwardi  and  ft*r»*rd». 
When  tb«  lumiDoaa  ray«  iiro  ttumcrpa«,  atid  their  pal|iit»tiiag;  Hgbt*  pust  to  th« 
KCbith,  they  form  »  brilUn-nt  niata  of  Ug^hi,  cftllctl  the  ctinma  or  trown,  wbeM 
oenlre  u  the  poiot  towards  which  the  rlippiug-ueedla  »t  the  plnce  it  directed* 
ThA  aarora  ii  theb  Men  ia  its  grtsateat  ffpt^ndor;  lb«  $kj  rCiemblca  a  fiery  dt>me^ 
vttp|)ort«d  bj  waring  eolaEHDf  of  diBeroDt  color*.  Wbeo  ibo  raji  are  darted 
less  visibly,  the  aqror*  looa  dii^uppeart,  Lh«  lighta  momentarily  inercaae,  (ben 
dimiDiiiH,  &tid  ftoiiilj  disappear.  It  Is  as««rted  that  loaikda,  Ukv  Ihv  ruitliug  uf 
jfUh,  ttftan  acccimpany  the  display  of  auroru,  but  tbir  ia  extremely  problcmatt^ 
call  tbv  uiuet  celebrated  poUr  natrtgatori  never  bcnrd  any  tjuhct  which  they 
coald  ri»rLajTi\j  a^cribf  to  tbe  aurorai. 

095.  Remarkable  atiroras.— The  aurora  is  not  n  1(k;u1  pbi'ii^jtucnori ; 
it  jji  ofi<L*ii  aetti  oiniultaueoQsly  ta  places  far  apart,  aa  in  Europe  and 
Aa»er  ca. 


of  ibo  must  retoarkAblo  prvrionaly  rooordcd.  It  wai  i«cn  from  Oflcfait,  ifii  tb« 
Blm^k  Sea,  lat  40*^  .iy,  long,  30^  3j'  E.  tu  San  Fram  isc<»  (Calif  jru in),  N.  laL  , 
123*^  W.  long.,  and  lu  fur  suutL  as  Culta.  It  aiacms  ev^^r^wliitic  (a  hftvn  IikiI  * 
prcTttiling  hue,  iniatak&R  iu  m^nj  plujec»  fur  a  euaflftgr»liQD.  (Am.  Juof. 
Beu  [2]  VIL  203.) 

Mr>r«  rumurkublit  \him  ftll^  hownTer,  wmb  the  aurora  of  Angiiat  lo 
tcmber  4lb,  ffir  tlita  grunt  txUni  of  Uarntory  ♦>Tt»r  yrhkh  it  wn*  mbIIt  fiir  ttM 

l^ng  diintion,  and  for  tbe  bnllmucj  of  il«  coluriit  tbc  mtvnslly  of  lis  Ulumin&ltuu^ 
and  ilie  rjipLdiiy  of  ila  chiingoi.  It  was,  cfiaaUy  ri^niwrkuMi^  fi»r  tho  Jiepompiiti/- 
ing  inagriL'tiL'  dteilurbaiicci,  rvcbrdud  aot  nnly  bj  Lhu  uaitul  iiuigrirtin  iai«lrtin>ifni», 
but  nviit  tlie  wb^l«  aystcm  of  toIcgra|itL  Mtirva  hoth  hv  Amcrit'A  and  £iiru|ME. 
Thw  auror*  waa  ^gcd  cui  fjtr  woit  aa  tbe  Sutidi^lcb  lelauds,  Int.  30'*,  long,  Ib'^ 
W.,  and  048 1  m  fiir  Bftrainl,  RnBaia,  Uiag.  83^2r'S^iLctr«uituf240''  almul 
tbo  eoiTth.  The  obfcrvations  tpcm  to  jusilfy  the  inrcfiint'o  tbat  it  wm  &t  virid 
in  tho  goutberti  ms  m  tbe  oortbern  bcmlsplicro.  It  wjl«  «>vn  off  Copw  Horn  and 
in  Aufltraliai.,  in  tbu  aouibtrrn  beniiapberu,  up  to  Cuncviici^i]^  CbiU  (tat.  ^fl^  40'  8.K 
Mild  frum  nbout  ftO^  N,,  ia  Nortb  America*  (o  Sun  8alvftdf3r  in  13®  18'  N, 
For  Ml  ikUiil*  of  this  »uror«,  sco  Am.  Juiir.  ScL  [3]  VoU.  XXVIIL.  XXIX., 
iLud  XXX. 

O'.IO.  Height  of  aurotaa.—Manj  aslrrmmnors  linve  t'iiilt'!vvi>r«Ml  Ui 
(Ictermiiie  the  bcijrht  uf  aiii-ora!»»  but  t\w  n^wUji  of  tUeir  calculation* 
iiri;^  not  certahi,  EorlieF  philnflopbera  eomputcil  their  ttltituik  at  aevcnil 
bundred  miles ;  a  lovror  limit  h  assigned  b)^  Jattir  oWurverei,  A  brU* 
liitnt  nuToral  arch  yum  observed  iu  tlic  Nurthurn  nod  Middb  StalviSt 
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April  7th,  1847;  from  the  observations  made  at  Hartford  and  New 
HaTen,  Conn.,  its  height  was  computed  by  Mr.  £.  C.  Herrick,  of  the 
latter  place,  to  be  nearly  one  hundred  and  ten  miles.  Another,  seen 
April  29th,  1859,  is  by  the  same  observer  estimated  approximately  at 
much  over  100  miles  in  height.  (Am.  Jour.  Sci.  [2]  XXYIII.  154.) 

Prof.  Loomis  calculates  the  height  of  the  base  of  the  auroral  curtain, 
August  28th,  1849,  as  about  forty  miles,  but  the  same  observer  esti- 
mates the  height  of  the  belts  of  this  aurora  in  other  places  as  over  one 
hundred  and  fifty  miles. 

Frequency  of  auroras. — Auroras  are  perhaps  rather  more  fre- 
quently seen  in  winter  than  in  summer ;  but  this  circumstance  does 
not  indicate  that  during  the  former  season  there  are  actually  a  greater 
number,  for  the  increased  length  of  night  would  render  a  greater  num- 
ber risible,  even  if  they  were  equally  distributed  throughout  the  year. 
Daring  the  summer  of  1860,  auroras  have  been  uncommonly  frequent 
in  the  N.  United  States.  About  the  period  of  the  equinoxes  they  appear 
to  be  more  frequent  than  at  other  times.* 

In  addition  to  the  annual  period,  there  appears  to  be  another,  a  secular  period, 
extending  through  a  number  of  years.  One  of  these  periods  was  comprised  be- 
tween 1717  and  1790;  its  maximum  was  obtained  in  1752.  An  increase  in  the 
frequency  of  auroras  began  again  in  1820.  Prof.  Olmsted,  in  an  important  paper 
on  (his  subject,  in  the  Contrib.  of  Smitbson.  Inst,  toI.  8,  selects  one  of  these 
■eealar  periods  between  August  27th,  1827,  and  November,  1848,  or  a  little  later. 
The  number  of  auroras,  observed  for  a  period  of  about  sixteen  years,  at  New 
Haven,  by  Mr.  £.  C.  Herrick,  is  given  in  the  following  table : — 

AURORAS  OBSERVED  AT  NEW  HAVEN  DURING  SIXTEEN  YEARS. 


Number  of  auroras. 

Number  of  auroran. 

AprU  1837  to  April  1838, 

42 

April  1845  to  April  1846, 

21 

"   1838  " 

«( 

1839, 

34 

«   1846  "     "  1847, 

25 

"   1839  " 

u 

1840, 

43 

«    1847  "     "  1848, 

30 

"    1840  " 

(t 

1841, 

48 

"    1848  "     "  1849, 

42 

«   1841  " 

tt 

1842, 

29 

«    1849  "     "  1850, 

18 

«   1842  " 

(t 

1843, 

9 

«    1850  "  March  1851, 

15 

"   1843  " 

u 

1844, 

7 

Oct.  1851  «  Oct.  1852, 

33 

H    1844  " 

tt 

1845, 

10 

"    1852  "     "  1853, 

24 

997.  Geographical  distribution  of  auroras. — Prof.  Loomis  has 
lately  (Am.  Jour.  Sci.  [2J,  XXX.,  89)  published  a  chart  showing  the 
distribution  of  auroras  in  the  northern  hemisphere.  He  shows  from  a 
tabular  comparison  of  recorded  observations,  that  near  the  parallel  of 
40°  N.,  on  the  meridian  of  Washington,  there  are  only  10  auroras 
annually ;  nearly  42°  N.,  the  average  is  20  annually ;  near  45°  it  is 


•  See  a  paper  on  Huxham's  Observations  (Am.  Jour.  Sci.  [1],  XXXIII.,  301), 
showing  that  the  A.  B.  is  as  abundant  in  summer  as  in  winter. 
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40 ;  and  near  tlie  parallel  of  50'  it  is  80  nntiaallj*  Betweco  thi*  nui 
the  ptimlJcl  of  aun>m»  are  seen  aluio^t  ererj  nighty  uppet^riitg 
Ligl]  iti  Lhe  bouvetia,  and  aa  ofben  to  the  souili  as  to  the  nurlli.  AbuT« 
(j2^  tiicy  are  »eyoin  seeOt  except  la  the  fiouth,  and  from  tlik  point  thfj 
dimmleih  in  frequencj  and  brillianej  as  we  advance  towanJa  tbi;  pie. 
On  the  iiieridiaa  of  St.  Feteraburg;  a  ainiilar  comparison  gives  &  like 
re^iuit,  except  that  the  auroral  region  is  atluated  further  north  itian  it 
In  m  AiiieriLia,  the  zone  of  80  tturoms  juinuiilly  Wing  frum  Gtr  to75^  N. 

Prof.  L4jonib*s  t'hart  {toe,  ctt.)  shows  Uiat  the  regiwti  of  greatest  aHrr»ml 
aoiiTity  h  an  elliptical  beU,  ha?iog  one  focue  near  the  north  pole,  uid 
the  other  near  the  pole  of  ntagnetism,  and  whose  major  axliS  crDs^ea  t!i« 
meridiflti  of  Washington,  near  lat,  56**,  and  the  meritiian  of  St.  retcre- 
hargh,  in  lat.  71°,  Acetjrdinglj,  auroras  are  more  frerjoent  in  tht 
lUiited  States  than  in  the  same  liitUudca  of  Europe.  Thus,  on  the  Iioe 
of  50*,  wo  find  in  North  America  40  auroras  an  Dually,  but  io  Eur(fpe 
leM  than  10  on  the  s^nmn  par^lle!. 

dD8.  Magnetic  diataibances  during  anroral  displaya.— Dfirinf 
the  prcvalfiiue  *if  aumra#,  all  tLc  niagnetic  clcuienti*  toho\r  great  di«- 
turhnnee,  aimultimcttualj^  at  the  inost  distant  stations.  Thia  ^tatemeat 
is  coufiriticd  by  cntn paring  the  obserrjitlons  nt  Turunto,  Ca&ada  Weft, 
lat.  4:r50'  35'^  N.,  long.  73" 21^ 30'^  W.,  with  those  at  Sl  Peter»burgfa, 
Kuai^in,  lat.  59°  56'  TiO"  N.,  Ion,  30°  I'J*  E.,  on  the  2d  and  3d  of  Sep 
tembc»r,  185^*,  during  ttie  great  aurora  already  deseriUhl*  when,  oa 
several  occasions,  the  niiigneta  in  the  sereral  iti&trunieiita  oscillated 
completely  beyond  tlieir  Btjales-— <!qual  to  a  total  defiwtion  of  over  5|* 
of  are.    (Am.  Jour.  Sci.  [2],  XXVIIL,  390,  and  XXX.,  80.) 

The  magnetic  oscillation  a  E^ynipathizo  with  tli«  auroral  streamers ; 
when  tlie  arc  is  quiet,  the  needle  rests.  During  tiio  grand  aurora  of 
Noterabcr  14. 1837,  the  range  of  oscillation,  as  obserred  at  New  niTea 
by  Mes&rs.  Ilerrick  and  Halle,  was  C°. 

909.  Ii^ect  of  the  aurora  on  telegraphic  wires,— This  pheootn^ 
Don,  already  alluded  to  (t>94),  is  entirely  distinct  from  the  induclioa 
of  static  eleetricity  during  thunder-storms  from  tlie  atmosphere  (ISCO). 
During  the  aurora  of  AitgitBt-ScptetnbGr,  1859,  sevcnd  of  the  telegraphic 
lines  in  the  Unit<?d  States  wore  worked,  for  hours  together,  entirely  hj 
tlie  tnagnetio  current  induced  from  the  aurora^  the  batteries  beiag 
dotacUod.  Chemical  deconipoHition?,  and  powerful  heating  and  Itiiai- 
nam  effects,  have  been  often  observed  from  the  currents  induced  daring 
auroral  disturbances.  These  facts  were  first  noticed  by  Mr.  G.  B. 
Preacott,  at  New  Haven,  in  184T.  In  Europe,  during  the  great  aurora 
of  1859,  the  same  disturbonoea  of  the  telegraphic  lines  were  tihserred 
as  in  thiii  country. 
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"While  all  the  lines  were  more  or  less  affected,  whatever  their  direc- 
tion, it  appears  that  the  disturbances  were  more  marked  on  the  north 
and  south  going  lines,  than  on  those  going  east  and  west:  and  in 
Tuscany,  Prof.  Matteucci  observed,  that  where  there  were  several  par- 
allel lines,  one  above  the  other,  the  upper  wires  were  most  affected, 
and  those  nearest  the  earth,  least ;  and  that  the  inductive  effects  were 
stronger  on  the  longest  lines. 

1000.  Reversal  of  polarity  in  the  aaroral  corrent. — Mr.  Prescott 
first  determined,  by  observation  on  the  aurora  of  July  19,  1852,  that 
the  auroral  current  invariably  changes  its  polarity  with  every  wave. 
First,  a  positive  current,  producing,  on  Bain's  system,  a  deep  blue 
mark,  light  at  first,  and  then  stronger,  until,  having  attained  the  inten- 
sity of  at  least  200  Grove's  cups,  it  subsided,  and  was  followed  by  a 
current  of  reverse  polarity,  which  bleached  instead  of  coloring  the 
paper.  Sometimes  a  flame  of  fire  followed  the  steel  stylus,  and  burned 
through  a  dozen  thicknesses  of  the  prepared  paper.  Free  or  atmo- 
spheric electricity,  when  it  is  induced  on  the  telegraph  wires,  produces 
no  color  on  the  paper.    (Am.  Jour.  Sci.  [2],  XXIX.,  92  and  391.) 


Problems  on  Electricity. 

243.  Compare  the  force  of  electricity  on  two  similar  balls,  of  which  one  repels 
the  ncodio  of  the  torsion  electrometer  45°  and  the  other  100°. 

244.  The  extreme  plates  of  a  voltaic  battery,  being  placed  in  contact,  there 
was  no  exterior  resistance,  and  the  electro-motive  force  manifested  by  the  evo- 
lution of  hydrogen  was  reckoned  as  unity,  or,  E  =  1,  r  =  1,  §  881.  A  pair 
of  electrodes  having  then  been  united  to  the  poles,  and  the  bath  arranged  for 
olectrotyping,  the  gas  evolved  was  found  to  bo  only  one-twentieth  as  much  as 
before.  Calculate  the  relative  value  of  r  and  L,  and  also  the  intensity  of  tho 
battery. 

245.  In  the  ca«e  of  a  Voltaic  battery,  so  constructed  that,  when  in  use,  the 
exterior  resistance  L  is  equal  to  nineteen  times  the  resistance  of  the  battery  r, 
what  would  be  the  effect  of  doubling,  trebling,  and  quadrupling  the  dimensiona 
of  all  tho  plates  in  the  battery  ? 

246.  With  the  same  conditions  as  in  the  preceding  case,  L  =  19r,  bow  would 
the  intensity  of  the  current  be  changed  by  doubling  the  number  of  couples  in 
the  battery  ? 

247.  In  a  battery  in  which  Z  =  r,  or  the  external  resistance  is  equal  to  the 
rcsiiitance  of  the  battery,  bow  will  the  intensity  vary  by  doubling  the  number 
of  couples  of  the  same  dimensions  in  the  battery  ? 

218.  When  L  =  4r,  what  advantage  would  be  gained  by  uniting  two  similar 
batteries  in  a  single  scries  ? 

249.  If  in  tho  use  of  a  Voltaic  battery  of  100  pairs  of  plates,  arranged  in  a 
series,  the  exterior  resistance,  L,  is  found  to  bo  six  times  the  resistance  of  Uie 
battery,  r,  what  change  of  intensity  will  bo  produced  by  so  uniting  the  couples 
as  to  form  only  four  groups,  each  having  twenty-five  times  the  previous  extent 
of  surface  ? 
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ADDENDA. 

NoTB  TO  g  369.— Uniform  mnsioal  pitch.— A  general  congress,  called 
together  by  the  Society  of  Arts,  at  London,  Jane  8,  1860,  of  mnsicians,  ama- 
teurs, and  others  interested  in  music,  have  accepted  the  report  of  a  committee 
appointed  in  1859,  to  consider  the  subject  of  uniform  musical  pitch.  This  com- 
mittee recommend  a  pitch  of  528  fall  vibrations  for  C  =  4-10  for  A,  basing  their 
calculations  on  33  single  vibrations  of  an  organ  pipe  32  feet  high,  in  place  of  32 
vibrations,  the  actual  number.  The  following  is  the  scale  at  this  pitch — the 
only  one  yet  proposed  which  gives  all  the  sounds  in  whole  numbers : — 

CDBPOABC 
2642973303528964W495528 
This  pitch  is  but  16  vibrations  per  second  higher  than  the  normal  Diapason, 
C  =  512,  or  "  Stuttgard  pitch,"  and  18  vibrations  lower  than  the  present  pitch 
of  546.    It  is  therefore  nearly  half  way  between  the  two,  being  a  quarter  tone 
above  one,  and  the  same  quantity  below  the  other. 

The  commission  recently  appointed  to  report  on  the  pitch  in  France  hare 
advised  the  following  scale : — 

CDEPaABC 
261    2*981    326i    348    391J    435    4891  622 
The  following  is  a  list  of  the  several  pitches  considered  in  this  report : — 
Handel's  Tuning  Fork  (C.  1740)  A  at  416  =  C  at  499^ 
Theoretical  Pitch  A  "  426|  =  C  "  512 

Philharmonic  Society  (1812-42)  A  «  433  =  C  "  518| 
Diapason  Normal  (Paris,  1859)  A  "  435  =  C  522 
Stuttgard  Congress  (1834)  A  "  440   =  C  "  528 

Italian  Opera,  London  (1859)      A  "  455  =  C  "  546 

{Journal  of  the  Societtf  of  ArN,  June  8,  1860.) 

Note  to  §  343. — The  velocity  of  all  sounds  not  the  same. — Rev. 
E.  S.  Earnsbaw,  of  Sheffield,  England,  lately  brings  good  evidence,  both  mathe- 
matical and  physical,  to  show  that  the  accepted  views  stated  in  g  343  are  correct 
only  for  sounds  baring  no  very  great  difference  of  intensity.  Every  note  in  music 
may  bo  formed  by  two  kinds  of  vibrations  of  the  same  rapidity,  but  differing  in 
wave-length  and  velocity  of  transmission.  Only  one  variety  of  these  waves  is 
supposed  in  general  to  bo  sensible  by  human  ears.  The  velocity  of  sounds  of 
all  kinds  is  a  certain  function  depending  upon  the  rapidity  and  length  of  vibra- 
tion. In  the  case  of  violent  thunder  the  numerical  value  of  this  function  becomes 
much  greater  than  for  ordinary  sounds.  These  and  other  remarkable  conclu- 
sions are  sustained  by  mntbematical  reasoning.  The  author  of  the  memoirs  also 
cites  evidence  to  show  that  the  crash  of  violent  thunder-claps  has  been  often 
heard  almost  simultaneously  with  the  flash  of  lightning,  although  the  stroke 
fell  several  miles  distant.  {London,  Edinburgh,  and  Dublin  Phil.  Mag.,  June, 
July,  Sept  1860.) 

Note  to  ^  392. — Sounds  produced  by  insects. — Burmeister  has  shown 
that  the  usual  opinion  of  naturalists  (expressed  in  §  392)  is  erroneous,  and  that  the 
sounds  produced  by  insects  are  formed  by  the  expansion  and  contraction  of  their 
air  tubes,  the  sound  being  formed  by  the  passage  of  air  through  the  orifices  of 
the  tubes,  which  act  like  a  whistle.  (  Taiflor't  Hcitnti/ie  Memuirt,  Vol.  I.,  p.  377.) 
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MEASURES  AND  WEIGHTS. 


ENGLISn  XSASURES. 


Me(uure8  of  Length, 

Thb  inch  IB  the  smallest  lineal  integer  now  used.  For  mechanical 
purposes  it  is  divided  either  duodecimal] j  or  by  continual  bisection ;  but 
for  scientific  purposes  it  is  most  conyenient  to  divide  it  decimally.  The 
larger  units  are  thus  related  to  it : — 

MDe.FarI(Higi.ChiliiJ.Bod«.Fstboau.      Yardi.        Feet  linlu.  Inches. 

1=8  =  80  =  820  =  880     =1760   =  6280     =  8000    =  68860 
1  =  10  =  40  =  110     =  220   =  660     =1000    =  7920 
lrT=    4=  11     =    22   =    66     =  100    =  792 
1=    2-75=     5-6=    16  5  =    25    =  198 
1     =     2   =     6     =     9iV=  72 
1=3=     4A=  86 
1     =     1H=  12 
•000125=  001  =  -01=  -04= -11=  •22r-     0-66=     1    =  7-92 


Meatures  of  Surface. 

Aen.            Boods.      Square  Cb«lni.  Sqaare  Tardi.  Squat*  Feet 

1      r=r      4      =     10       =     4840     =  48,560 

1      =      2-5    =     1210     =  10,866 

I       =      484     =  4,856 

1     =  9 


Measures  of  Volume. 

CnbkTanL  v  Cable  Feet  Cable  Inches. 

1              27  46,656 

1      =  1,728 

59  (869) 
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Imperial  Measure, 

The  Im^rial  Standard  Gallon  contains  ten  pounds  avoirdupois  weight 
of  distilled  water,  weighed  in  air  at  62**  Fahr.  and  30  in.  Barom.,  or  12 
pounds,  1  ounce,  16  pennyweights,  and  16  grains  Troj,  =  70,000  grains' 
weight  of  distilled  water.  A  cubic  inch  of  distilled  water  weighs 
252-458  grains,  and  the  imperial  gallon  contains  277*274  cubic  inches. 

Distilled  Water.. 

Grains.       AtoIt.  lb.       Cabio  Inches.      Pint     Qnart  Galls.  Pecks.  Bosh.  Qr. 

8,750=    1-25=       84  659=  1 

17,500=    2-5  =       69-318  =    2  =  1 

70,000=  10  =     277-274=    8  =    4=  1 

140,000=  20  =     654-548=  16=    8  =  2=  1 

660,000=  80  =  2,218-192=  64=  82=  8=  4  =  1 

4,480,000  =  640  =  17,746-536  =  612  =  266  =  64  =  32  =  8  =  I 

Apothecaries'  Measure, 

The  gallon  of  the  former  wine  measure  and  of  the  present  Apotheca- 
ries' measure  contains  58,333*31  grains'  weight  of  distilled  water,  or 
231  cubic  inches,  the  ratio  to  the  imperial  gallon  being  nearly  as  5  to  6, 
or  as  0-8331  to  1. 

Gallon.   Pints.      Ounces.      Drachms.  Minims.  '    Gr.OfDist  Wat.    Cob.  IndL 

1  =  8  =  128  =  1024  =  61,440  =  58,338-81  =  231 

1  =    16  =    128  =  7,680  =    7,291-66  =  28-8 

31=       8  =  480  =       455.72  =  1-8 

31=  60  =        56-96  =  0-2 


ENGLISH  WEIGHTS. 

Avoirdupois  Weight. 

Found.                  Ounces.                  Drachms.  Grains. 

1          =          16          =          256  =  7000 

1         =           16  =  4376 

1  =  27-34375 

Apothecaries*  Troy  Weight. 

Pound.             Onnces.             Drachms.            Scruples.  Grains. 

1        =       12       =       96       =       288  =  5760 

1       =         8       =         24  =  480 

1        =          8  =  60 

1  —  20 
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FRENCH  MEASUBES. 


Measures  of  Length, 


1  Kilometre     =  1000  Metres. 

1  Hectometre  =  100  " 

1  Decametre   ^==  10  " 

1  Metre         =  1  " 


1  Kilometre 
1  Metre 


0-6214  Mile. 
3-2809  Feet. 


1  Metre 
1  Decimetre 
1  Centimetre 
1  Millimetre 

1  Centimetre 

2  539954  c.  n 


1-000  Metre. 
0100  " 
0010  " 
0  001  " 

0-8987  Inch. 
1  Inch. 


Comparison  of  Standard  Measures. 

1  Metre  =  3-28089917  English  Feet,  =  8-28070878  American  Feet. 
1  Metre  =  3*07844400  Paris  Feet,    =  89 -86850535  American  Inches. 

Measures  of  Volume, 

1  Cubic  Metre  =  1000  000  Litres.  1  Litre'=  0-22017  Gallon. 
1  Cabio  Decimetre  =      1-000    **  1  Litre  =±  0-88066  Quart 

1  Cubic  Centimetre  =      0  001     "  1  Litre  =  1-76188  Pint«. 


1  Cubic  Metre  = 
1  Cubic  Decimetre  = 
1  Cubic  Centimetre  --r- 


85-81660  Cubic  Feet. 
61  02709  Cubic  Inches. 
0  06103    «'  " 


FRENCH  WEIGHTS. 


]  Kilogramme    =  1000  Grammes. 

1  Hectogramme  =  100 

1  Decagramme   =  10  ** 

1  Gramme         =  1  *« 


1  Gramme        =  1  -000  Gramme. 

1  Decigramme  ==  0-100  " 

1  Centigramme  =  0-010  ** 

1  Milligramme  =  0001  " 


1  Kilogramme  =  2-67951  Pounds  (Troy),  =  2-20485  Pounds  (AToirdopois). 
1  Gramme      =  15-44242  Grains. 

To  convert  French  metrical  quantities  into  Englbh  measures  and 
weights  consult  Table  II. 

Ta  convert  Grains  into  Grammes, 
Log.  Grains  -f  (—  2-8115680)  =  Log.  Grammes. 

jfb  concert  Cubic  Inches  into  Cubic  Centimetres. 
Log.  Cubic  Inches  -{-  1-2144998  =  Log.  Cubic  Centimetres. 


To  convert  Inches  into  MtUimetres. 
Log.  Inches  +  1  •4048387  =  Log.  Millimetres. 
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TABLE  lU. 
SXPAKSION  OF  BOLIDS. 


1,000,000  parts  at  820  F. 

At  2120  F. 
become 

Expai 

In  length. 

ukm. 
Inlmlk. 

English  Flint  Glass  . 

1,000,811 

1 

in 

1248 

1 

in 

316 

Glass  tube  (French)  . 

1,000,861 

1 

in 

1148 

1 

in 

882 

Platinum  .... 

1,000,884 

1 

in 

1181 

1 

in 

877 

Palladium  .... 

1.001,000 

1 

in 

1000 

1 

in 

333 

Tempered  Steel   .  . 

1,001,079 

1 

in 

926 

1 

in 

809 

Antimony  .... 

1,001,083 

1 

in 

923 

1 

in 

307 

Iron  

1,001,182 

1 

in 

846 

1 

in 

282 

Bismuth  

1,001,392 

1 

in 

718 

1 

in 

239 

Gold  

1,001,466 

1 

in 

682 

1 

in 

227 

Copper   

1,001,718 

1 

in 

582 

1 

in 

194 

Brass  

1,001,866 

1 

in 

636 

1 

in 

179 

Silver  

1,001,909 

1 

in 

524 

1 

in 

175 

Tin  

1,001,937 

1 

in 

516 

1 

in 

172 

Lead  

1,002,848 

1 

in 

851 

1 

in 

117 

Zinc  

1,002,942 

1 

in 

840 

1 

in 

113 

AnthotltT. 


LaToisier 
&  Laplace. 

Dulong  & 

Petit. 
Wollaston. 
Lavoisier 
&  Laplace. 
Smeaton. 
Dulong  & 

Petit. 
Smeaton. 


Lavoisier 
&  Laplace. 

Smeaton. 


INCREASE  OF  MEAN  EXPANSION  BY  DEAT. 


Expansion  for  each  degree  P. 

Between 

Between 

Between 

32 

o  and  212°. 

32°  and  292«». 

32°  and  672°. 

1 

in  69660 

1  in  65340 

1  in 

59220 

1 

in  67860 

1  in 

65340 

1 

in  50760 

1  in 

40860 

1 

in  34920 

1  in 

21060 

1 

in  9990 

1  in  9965 

1  in 

9518 

1,000,000  parts  at  62°  F. 

At  212°  F. 

At  662^  F. 

Black  lead  ware  . 

1,000,244 

1,000,703 

Wcdgewood  ware  . 

1,000,735 

1,002,995 

Platinum    .    .  . 

1,000,735 

1,002,995 

Cast  iron     .    .  . 

1,000,803 

1,003,943 

Wrouglit  iron  .  . 

1,000,984 

1,004,483 

Copper  .... 

1,001,430 

1,006,347 

Silver  .... 

1,001,626 

1,006,880 

Ziue  

1,002,480 

1,008,527 

Lead  

1,002,323 

Tin  

i  1,001,472 

i 

At  Freezing  Point 


1,009,026  maximum,  but 

not  fused. 
1,016,389 

1,018,378  to  the  fusing 

point  of  cast  iron. 
1,024,370 
1,020,040 
1,U12,621 
1,000,072 
1,037,980 
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TABLE  IV. 
EXPANSION  OF  LIQUIDS. 

BETWEEN  32°  AND  212^  T, 


1^000,000 pkU  mercurj  become 


pun  water  l>em»me 

chlonibjdmadd  bawnie 
oU  tnrpenti&s  Iweotne 
Bulphario  ether  beoome 
fixed  oili}  beoome    .  » 


1,018,153 
1,046,600 
], 056,823 

1,071428 

1,07),  428 
1,080,000 
1,111,000 


I  in  55 
1  la  21-3 
I  in  17 
1  inlT 
1  in  14 
1  in  14 
1  in  12-5 
I  in  0 


Dalton. 

Dallon. 


EXPANSION  OF  LIQUIDS  OF  SIMILAS  CHEMICAL  COMPOSITION. 


1 

Aldehyde. 

Butrrte  Acid. 

I 

AceUta  of  EtbjL 

Pierre. 

(B.  P.  220.) 

Kopp. 

(20-80.) 

Pierre. 

(183°.) 

Kopp. 

(167<) 

Pierre. 

(74IO.) 

cfiT) 

0 
10 
26 
45 
60 
75 
110 

10000 

9817 
9567 
9284 
9094 

10000 

9830 
9596 

10000 
9872 
9688 
9453 
9288 
9128 
8781 

10000 
9867 
9667 
9439 
9271 
9112 
8765 

10000 
9846 
9629 
9359 
9172 
8996 
8633 

10000 
9848 
9622 
9352 
9165 
8988 

oc. 

Chlorid 
of 

Ethyleni>. 
C<U«C>i. 

Pierre. 

Monochlo- 
rinated 
Chlorid 

of  Ethyl. 

Pierre. 
(54  8°.) 

Monoehlo- 

riMted 
Chlor.  of 
Ethylene. 

CifUCl*. 

Pierre. 

(lU-20.) 

Biehlori- 
rated 
Chlorid 
of  EtbyL 
CtHtCU. 
Pierre. 
(74V^.) 

Formlateof  EthyL 
CUeO*. 

AoeUte  of  Uetbyl. 

Pierre. 

Pierre. 

(SS?) 

0 
25 
65 
80 

10000 
9667 
9331 
9068 

10000 
9669 
9300 
9003 

10000 
9693 
9350 
9090 

10000 
9648 
9267 
8988 

10000 
9632 
9241 
8953 

10000 
903 1 
9243 

10000 

9683 
9243 
8956 

10000 
9631 
9243 
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TABLE  V. 
EXPANSION  OF  GASES. 


EXPANSION  FOR  A  CONSTANT  VOLUME.* 


Air. 

Oarbonic  Add. 

Provuro  at 

Preivare  at 

Ezpanrion  for 

Presrare  at 

PreMure  at 

Ezpanrion  fbr 

212°  F. 

180°  P. 

820  P. 

212PP. 

180°  F. 

m.m. 

m.  m. 

m.  m. 

109°72 

149-31 

0-86482 

768-47 

1084-54 

0  86856 

174-36 

237-17 

0-86513 

901-09 

1280-87 

0-86943 

266-06 

895-07 

0-86542 

1742-93 

2387-72 

0-37523 

87467 

510-85 

0-86687 

8589-07 

4769  03 

0  88698 

875-28 

510-96 

0-86572 

76000 

n 

0-86650 

1678-40 

2286-09 

0-86760 

1692-63 

2306-23 

0-36800 

2144.18 

2924-04 

0-86894 

8655.66 

4992-09 

0-37091 

EXPANSION  FROM  32®  TO  212°  F.  AT  A  CONSTANT  PRESSURE.* 


Hydrogen. 

Air. 

Carbonic  Acid. 

Salpharoiu  Arid. 

m.  m. 

m.m. 

700  0-36613 

760  0-36706 

"bo"  0-37099 

^GO'      0  3902 

2545  0-36616 

2525  0-36944 

2520  0-38455 

980  0-3980 

2620  0-36964 

TABLE  VI. 

RADIATING  POWER  ACCORDING  TO  PROVOSTAYE,  DESAINS, 
AND  MELLONI. 


Lampblack  being    .    .    .  100 
Pure  rolled  silver   ...     3  00 
Pure  burnished  silver  .    .  2-60 
Rolled  platinum     .    .    .  10-80 
Gold  in  leaf  4-28 


Rough  silver  (deposited  on 

copper)  5-36 

Burnished  silver  (pure)  .  .2-25 
Burnished  platinum  .  .  .9-50 
Sheet  copper  4-90 


Cours  do  Physique.    Par  M.  J.  Jomin.    Tome  ii.  p.  70. 
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TABLE  VII. 

CONDUCTING  POWER  OP  METALS  AND  BUILDING  MATERIALS. 


A. — CONDUCTING  POWER  OP  METALS. 


NameofMeUl. 

De«pr«tz. 

Wledemaon 

IkcqwrraL 

Gold  

1000  0 

1000 

1000 

981-0 

158 

124-91 

973-0 

1880 

1451-87 

898-2 

1883 

1388-61 

444 

218 

874-8 

224 

188-8 

363  0 

876-3 

308-9 

278 

212-00 

179-6 

160 

128-65 

118 

217-08 

84 

Marble  

28-6 

12-2 

11-4 

B. — CONDUCTING  POWER  OF  BUILDING  MATERIALS. 


Condiirting 

OoDdacUnc 

Ntme  of  Subctaneaw 

powsr  rcflBirwl 

Name  of  SubctanM. 

power  ntfermi 

toilat«i-10a 

tosUto  — 100. 

Plaster  and  sand  .  . 

18-70 

Bath  stone  .... 

61-08 

Keene's  cement    .  . 

1901 

Fire  brick  .... 

61-70 

Plaster  of  Paris    .  . 

20-26 

Paniswick  stone,  U.  P. 

71-36 

Roman  cement     .  . 

20-88 

Malen  brick    .    .  . 

72-92 

Lath  and  plaster  .  . 

26-65 

Portland  stone  .    .  . 

75-10 

Fir  wood  .... 

27-61 

Lunelle  marble     .  . 

75-41 

Oak  wood  .... 

83  66 

BalsoTer  stone,  11.  P. 

76  35 

Asphalt  

45-19 

Norfal  stone,  11.  P.  . 

95  86 

Chalk  (soft)     .    .  . 

56  38 

100  00 

Napoleon  marble  .  . 

58-27 

Yorkshire  flag  .    .  . 

110-94 

Stack  brick  .... 

60-14 

621-84 
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TABLE  VIII. 


ABSORPTIVE  POWER  OP  DIFFERENT  BODIES. 


Names. 

AbflorpttT6 

Power. 

IW 

U 

IW 

u 

Mo 

QA 

o\J 

1A 

^liina  vnlr 

OO 

OS 

27 

73 

1  u 

23 

77 

23 

77 

19. 

81 

17 

83 

Platinum,  thick  coat,  imperfectly  polished  . 

24 

76 

17 

83 

17" 

83 

14 

80 

Metallic  mirrors,  a  little  tarnished     .    .  . 
•*         '*      nearly  polished  .... 

17 

83 

14 

86 

Brass,  cast,  imperfectly  polished  .... 

11 

89 

"     hammered,  imperfectly  polished    .  . 

9 

91 

•*                   highly  polished  .... 
"     cast,             '*          *'  .... 

7 

93 

7 

93 

7 

93 

14 

80 

7 

93 

6 

95 

Gold  deposited  on  polished  steel  .... 

3 

97 

Silver,  hammered,  and  well  polished  .    .  . 

3 

97 

3 

97 

TABLE  IX. 

ABSORPTIVE  POWER  FOR  UEAT  FROM  DIFFERENT  SOURCES. 


Name  of  Substance. 

locandeM^nt 
PlatiDum. 

CoppiT  at 
400°. 

Copp«»r  at 

100 

100 

100 

56 

89 

100 

95 

87 

85 

64 

64 

91 

47 

70 

72 

135 

13 

13 
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TABLE  X. 
DIATHERMANCY  OF  DIFFERENT  LIQUIDS. 


Of  100  Inddeot  rays. 

Tnns- 
mittMl 

Tmog- 

mlttod 

Bisulphid  of  Cftrbon  (colorless) 
Bichlorid  of  sulph.  (red  brown) 
Tereblorid  of  pbosphorus 
Essence  of  turpentine  .    .  . 
Colza  oil  (yellow)  .... 
OUto  oil  (greenish)     .    .  . 

63 
62 
62 
81 
80 
80 

Sulphario  acid  (colorless)  . 
Sulphuric  acid  (brown)  .  . 

21 
17 
17 
14 
15 
11 

TABLE  XI. 

IRatio  ofSptcifie  Beat  to  Atomic  Weight.'^ 
SPECIFIC  HEAT. 
A. — SOLIDS. 


Watw-100. 


Nunes. 


Aluminum  . 

Sulphur  .  . 

Iron  .    .  . 

Cobalt    .  . 

Nickel    .  . 

Copper  .  . 

Zinc  .    .  . 

Selenium  . 

Tin  .  .  . 
Platinum 

Lead  .  .  . 
Phosphorus 

Arsenic  .  . 

SiWer    .  , 

Iodine    .  . 

Antimony  , 
Gold  .  . 
Bismuth  . 


Sptdfle  Heats. 

C. 


0-2148 
0-2026 
01138 
01070 
01086 
0  0952 
0-0956 
0-0762 
00562 
0-0324 
0-0314 
01887 
0-0814 
0-0570 
0-0541 
0-0508 
0-0824 
0  0808 


Atomk  Wdghta 
p. 


13-7 

16 

28 

29-5 

29-6 

31-  7 

32-  6 
40 
59 
98-7 

108-7 

81 

76 
108 
127 
120-3 
197 
208 


cx^ 


2-  94 
8-24 
319 
8-19 
8-21 
8  02 

3-  12 
804 
3-31 
3  20 
8  26 

5-  85 

6-  10 
6-16 
6-87 
611 
6-38 
6-41 


B. — LIQUIDS. 


Mercury  fliquid)  .  . 
Mercury  (solid)  .  . 
Bromine  (liquid)  .  . 
Bromine  (soUd)  28o  C. 


0-08381 
0-08241 
0-11094 
0-08483 


100 
100 
80 
80 


8-88 
8-24 

*.74 
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TABLE  Xt.—{Coniinued.) 
SPECIFIC  HEAT. 


C. — OASES  AND  YAFORS. 


Capacity  for 

Capacity  far 

— — — ^— — 1 

•            Name  of  Sabatanoo. 

Qi^nal  weiglits. 

Moal  Toiuma*. 
Water  of  equal 
weight  being- 1. 

Spedfle  Gravity. 

Wat«r  —  1. 

Atmospheric  air* .... 

0-2379 

1-0000 

Oxygen  

0-2182 

0-2412 

1-1066 

Nitrogen  

0-2440 

0-2370 

0-9718 

Hydrogen  

8-4046 

0-2356 

0-0692 

Chlorine  

01214 

0-2967 

2-4400 

Bromine  

00552 

0-2992 

5-8900 

Nitrous  oxyd  

0-2238 

0-3418 

1-6250 

Nitric  oxyd  

0-2316 

0-2406 

1  0890 

Carbonic  oxyd  .... 

0-2479 

0-2899 

0-9674 

1  Carbonic  acid  

5-2164 

0-8308 

1-6290 

1  Sulphid  of  carbon     .    .  . 

01676 

0-4146 

2-6325 

,  Sulphurous  acid  .... 

01653 

0-8489 

2-2470 

!  Ammonia  gas  

0-6080 

0-2994 

0-6894 

Olefiant  gas  

08694 

0-8572 

0  9672 

Water  vapor  

0-4750 

0.2950 

0-6210 

Alcohol  vapor  

0-4518 

-0.7171 

1-5890 

Ether  vapor  

0-4810 

1-2296 

2  55C3 

Chloroform  

0-1568 

0  8310 

6-3000 

Vapor  of  mercury     .    .  . 

6  9760 

Vapor  of  Iodine  .... 

8-7160 

TABLE  XII. 


FREEZING  MIXTURES. 


Pkrtiby 
WfelgbL 

OMllDiIllS«|M«f. 

Sulphate  6f  t<ii^  < 
Ilydwhbrlt  s^i  . 
finoir  or  ice  .    .  . 
Common  salt     ,  , 
Sulphate  of  soda  . 
IHtute  nitric  acid  . 
Sulphate  of  «odii  . 
Nitnii^  of  jwniioiili 

I-  1  .... 

If    ;  * 

I      •  • 

1} 

21 
1/ 

1} 

5  ' 
4| 

31 
4; 

*  Do  la  Roche  and  Bcrard. 
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TABLE  XIII. 


DIATHERMANCY  OF  DIFFERENT  SOLIDS. 


Subftanoe  of  Scnent. 

SourcM  of  Ileat 

[Eadi  put*  WM  2-62  m.  m.  (1  in.)  in  thick.] 

Naked 
FUune. 

Ignited 
PUUnom. 

92-3 

92-8 

92-3 

92-8 

Silieian  sulphur  (yellow) .    .  . 

74 

77 

60 

54 

Fluor  spar  (limpid)  .... 
Rock-salt  (cloudy)  .... 

72 

69 

42 

58 

65 

65 

65 

65 

Beryl  (greenish  yellow)  .    .  . 

46 

88 

24 

20 

Iceland  spar  (limpid)  .... 

89 

28 

6 

0 

Plate  glass  

89 

24 

6 

0 

88 

28 

6 

8 

87 

28 

6 

8 

83 

24 

4 

0 

Tourmaline  (dark  green)  .    .  . 

18 

16 

8 

0 

11 

2 

0 

0 

9 

2 

0 

0 

Sugar  candy  (limpid)  .... 

8 

1 

0 

0 

TABLE  XIV 

TENSION  OP  VAPORS  AT  EQUAL  DISTANCES  ABOVE  AND  BELOW 
THE  BOILINQ  POINTS  OF  THEIR  RESPECTIVE  LIQUID& 


Xiimbcrord«> 
I  crc««  »hoT«  »r 
!  b«lewboUUc 


BeguaU. 


I  Alcohol. 
Sp.  Or.  0-819. 


Temp. 

or. 


laehM.  I  OF 


Ur«. 


Temp. 

Of,  , 


▲Togadre. 


Solph'tCarbOB.  I  Utmrj. 


Ten  p.  Preatnra  Trnip.  Prewaiv 
or.    I  inche*.  i   ov.    { inehea. 


-f-40«» 
+  20O 

Boiling  p*t. 

—  20* 

—  40<» 

—  60«» 

—  80«» 

(iO 


252 
232 
212 
192 
172 
152 
182 


63-14 
44  06 
80O0 
1987 
12-78 
7-94 
4-67 


178 
158 
183 
113 
98 


124 
80-00  104 
19-30  84 
11-60  64 
6-70  44 
8-67 ! 


I 

i  42-64 
1 3000 
20-90 
18-00 
810 


137 
117 
97 
77 
57 
87 


4019 
29-87 
20-65 
18-89 
907 
6-78 


680  ^30-00 

630  19  85 

I 

590  1 14  08 
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TABLE  XV. 

MBLTINa  POINTS  AND  LATENT  HEAT  OP  FUSION  OF  DIFFERENT 

BODIES. 


Substances. 

HeltioK  Point 
4. 

Latent  Heat* 

°F. 

Water  — 1. 

—  89 

511 

0-035 

—  80 

—  4 

Water  

1421 

1-000 

+  111 

8*08 

0056 

Potassium  (about)  .    .  . 

131 

143 

78-32 

0  651 

190 

224 

239 

16-51 

0116 

455 

26-74 

0-180 

518 

22-80 

0156 

630 

9-27 

0  065 

761 

49-43 

0  847 

063 

Silver  

1878 

87-92 

0266 

+2143 

2016 

Cast  iron  (aboTe)    .    .  . 

2786 

Wrought  iron  .... 

8280 

4591 

Nitrate  of  soda  .... 

591 

113-36 

•797 

Nitrate  of  potash    .    .  . 

G42 

83  12 

-584 

Nitrate  of  silver     .    .  . 

113-34 

-704 

TABLE  XVI. 

BOILING  POINT  OP  WATER  UNDER  DIFFERENT  PRESSURES. 


BoiUnf?  Point 
<=F. 

Barometer. 
Inches. 

.BoilinR  Point 
°F. 

Barometer. 
Inches. 

184 

10-076 

200 

23-454 

ISO 

17-421 

202 

24-441 

188 

18196 

204 

25-468 

100 

18  992 

206 

26-529 

192 

19-822 

208 

27-614 

194 

20-687 

210 

28-744 

19G 

21-576 

212 

29-922 

108 

22-498 

214 

31  120 

*  The  numbers  in  this  column  may  be  considered  as  the  number  of  pounds  of 
water  that  could  bo  raised  1°  F.  by  the  boat  emitted  during  the  congelation  of 
one  pound  of  each  of  the  substances  included  in  the  table. 

•f  Plattncr. 
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TABLE  XVII. 


BOILING  POINTS  OF  LIQUIDS. 


Tempmtare. 
oy. 

Tempermtore. 

oy. 

Sulpharous  acid 

17.6 

Nitric  acid,  sp.  gr.  1  -42 

248-0 

Chlorid  of  ethyl  . 

51-9 

Bichlorid  of  tin  .  . 

240  2 

Aldehide  .... 

69-4 

Fousel  oil  .    .    .  . 

269-8 

94-8 

Terchlorid  of  arsenic 

230-0 

Bisulphid  of  carbon 

118o 

Butyric  acid  .    .  . 

814-6 

Terchlorid  of  silicon 

138-2 

Naptha  .... 

320-0 

Ammonia,  sp.  gr.  0-945 

1400 

Sulphurous  ether  . 

8200 

Bromine  .... 

145-4 

Phosphorus  .    .  . 

654-0 

Wood  spirit  .    .  . 

1499 

Oil  of  turpentine  . 

568 •fi 

Alcohol  .... 

1781 

Linseed  oil    .    .  . 

597  0 

Dutch  liquid .    .  . 

184.7 

Sulp.  acid,  sp.  gr.  1  *848 

020-0 

Water  

212.0 

Mercury  .... 

662  0 

TABLE  XVIII. 

BOILING  POINT  OF  WATER  AT  DIFFERENT  PLACES  AND  THEIR 
ELEVATION  ABOVE  TUE  SEA. 


Names  of  Place*. 

Abo?e  (or  be- 

Uean height 

1 

low)  the  lerel 
of  the  Ma. 

of  the 
Barometer. 

Thermometer.' 

1 

Feet 

Inchei. 

DefCreec 

+  17,837 

16-442 

179-90 

Donkia  Pass  (Himalaya)  .    .  . 

16,621 

16-489 

181-40 

18.455 

17-870 

187-80 

Micuipampa  (Peru)  .... 

11,870 

19-020 

190  20 

Quito  

9,641 

20-750 

194-20 

7,471 
6,808 

22-620 

198-10 

Hospice  of  St.  Gothard    .    .  . 

28.070 

199-20 

Black  Mountain,  N.  C.  (highest  1 
point  in  the  eastern  U.  S.)*  .  / 

6,702 

22  602 

tl99-67 

Mount  Washington,  N.  H.    .  . 

6,290 

22-905 

1200-48 

Madrid  

1,995 

27-720 

208-00 

1,483 

28-270 

209  10 

1,381 

28-890 

209  80 

984 

28-820 

210-20 

436 

29-410 

211-10 

151 

29-760 

211-60 

Dead  Sea  (below  Mediterranean  \ 
Sea)  1 

—  1816-7 

81-496 

1214-44 

•  Gnyot  t  Estimated  by  ForW 
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TABLE  XIX. 

BOILING  POINT  OP  WATBR  AT  DIFFERENT  ATMOSPHERIC 
PRESSURES.— REGNAULT. 


Prenare  in  atmo- 
spherea  of  30  lochei 
mercury. 

Boning  PolDt  of 
Water. 

Prearare  In  atmo- 
upberva  of  80  Indiea 
.mercarj. 

Boiling  Vdnt  of 
Water. 

1 

212  *>F. 

11 

864-2  op. 

2 

249-6 

12 

3711 

8 

278-8 

18 

377-8 

4 

291-2 

14 

884 

6 

806-0 

15 

890 

6 

8182 

16 

895-4 

7 

829-6 

17 

400-8 

8 

889-5 

18 

405-9 

9 

848-4 

19 

4108 

10 

856-6 

20 

415  4 

TABLE  XX. 
LIQUEFACTION  AND  SOLIDIFICATION  OF  GASES. 


MuUIng 

Preffinre  in  Atmoapherea. 

Names  of  the  Ga^e^. 

Point. 

op. 

At  329  P. 

Ateoof. 

op. 

Sulphurous  acid    .    .  . 

—  105° 

1-53 

2  54 

516  at  100° 

—  80 

2-37 

4  00  at  G3 

Hydriodio  acid     .    .  . 

—  CO 

3-97 

5-86 

—  103 

4-4 

6-90 

10  00  at  83 

Sulphuretted  hydrogen  . 

—  122 

10 

14-00  at  52 

Protoxid  nitrogen     .  . 

—  160 

32 

83  40  at  35 

Carbonic  acid  .... 

—  70 

88-5 

—  65 

Hydrobromic  acid     .  . 

—  124 

Fluorid  of  silicon  .    .  . 

—  220 

8-95 

1319 

Arseniuretted  hydrogen 

Phosphuretted  hydrogen 

Olcfiant  gas  .    .       .  . 

26-90  at 

Fluorid  of  boron  .    .  . 

11-54  at— 62 

Hydrochloric  acid     .  . 

26-20 

40      at  50 
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TABLE  XXII.— LATENT  AND  SENSIBLE  HEAT  OF  STEAM. 


Temp. 

Latent  Heat 

8am  of  Latent 
and  Seniible  Heat 

Temp. 

T,i„iXT««#     Bom  of  Latent 
Latent  Heat  |^  geiaible  Beat. 

68 
'86 
104 
140 
194 
212 

1 

1092-6O 
1067-4 
1054-8 
1042-2 
1017-0 
979-2 
966-6 

1124-6* 

1136-4 

11408 

1146-2 

11570 

1178-2 

1178-6 

248*> 

284 

820 

888 

874 

410 

446 

939 -e* 

914-4 
889-2 
874-8 
849-6 
822-6 
795-6 

1187-60 

1198-4 

1209-2 

1212-8 

1223-6 

1282-6 

1241  6 

REGNAULT's  RESULTS.     |  083. 


Pressnre  in  Atmo- 
spheres. 

Temperatore. 

Latent  Heat 

Snm  of  Latent  and 
Sensible  Heat 

0-044 

Oo 

1114-0« 

1114-0° 

0-180 

82 

1091-7 

1128-7 

1-000 

212 

966-6 

11786 

I  8.000 

839 

877-3 

1216-8 

TABLE  XXIII.— SPECIFIC  QRAVITT  OF  SOLIDS  AND  LIQUIDS. 


Sabatances. 

Platinum  

Gold  

Tungsten  

Mercury  

Rhodium  and  Palladium 

Silver  

Bismuth  

Copper   

Arsenic  

Steel  

Iron  

Meteoric  iron    .    .  . 

Cast  iron  

Zinc  

Antimony  .... 

Iodine   

Heavy  spar  .... 
Oriental  ruby    .   .  . 

TopaB   

Diamond  

English  flint-glass 
Parian  marble  .    .  . 

Emerald  

Pearl  

Iceland  spar  .  .  . 
Cummon  marble    .  . 

Corul  

Quartz  

Agato  

St.  (Jobain's  glass  .  . 


Sp.  Gravity. 


21- 
19-24 
17- 
13-60 
11- 
10-47 
9-82 
8-78 
8-60 
7-81 
7-78 
7-26-7-79 
7-21 
6'66 
6-71 
4-95 
4-43 
4-28 
3-56 
3-50 
3-33 
2-84 
2-77 
2-75 
2-72 
2-70 
2-6S 
2-65 
2-61 
2-49 


Snbatanoee. 


Sulphate  of  lime 
Sulphur   .  . 
Bone   .    .  . 
Ivory  .    .  . 
Caoutchouc  . 
Sodium    .  . 
Wax    .    .  . 
Gutta-percha 
Ice  .... 
Pumice-stone 
Potassium  . 
Pine  wood 
Cypress  wood 
Cedar  wood  . 
Common  poplar 
Lombardy  poplar 
Cork     .       .  . 

Sulphuric  acid  . 
Nitrous  acid  .  . 
Water  from  Dead  Sea 
Nitric  acid    .  . 
Milk  .... 
Wino  .... 
Linseed  uil   .  . 
Spirits  turpciitiuu 
Absolute  uK-ohol 
Xaphthn,    light  oi 
Sulphuric  oiher 
Eupioii     .  . 


Sp.  Gravity. 


2-32 
2-03 
1-8-1-99 
1-92 
0-9S9 
0-y7 
0-97 
0»f.6 
0  93 
092 
0S6 
0-66 
0-60 
0-56 
0-38 

o-.-je 

0-  24 

1-  84 
1-55 
1-24 
1-22 
103 
0-99 
0-94 
0-.S7 
0-79 
0-733 
0-72 
0-6oj 
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TABLE  XXIV. 


VOLUME  AKD  DENSITY  OF  Wm8»»^'^  KOPP. 


C 

Vol  am  t>  of  Wnter 

Sp,  (Jr.  of  W*l»r 

ToloTna  of  Wster 

Sp*  Cf*  flf  VVular 

t*t  00  —  1}. 

(it 

 .   -. 

1  i^fWtfUll 

1  -fMVwmn 

1  UvU  t  ^ 

1 

1  WfAMO 

1  *nfirrti7 
i  *U\/lnJ  i 

1  UvUl/v 

ft 
a 

A 

fl^AMAA 

I'uOvlSS 

1>Atl0O0 

i-oodooo 

R 
O 

A   IfW  1  J.  f 

A 

U  WdVIW/ 

1  (100097 

J,  uuvv-j 

<T 
f 

H 

J.                     J.  ^ 

()>tiM^890 

V 

I.  uuui  / 

1A 

1  jvini4 

1 1 
ii 

1 

I'UVuXl 

V  vmr  1  Oil 

1  'iVWUtl 
imJUal 

I.  ^nww 

fl'D995G2 

10 

1 4WLin 

1  TJWUv 

J€ 

1  -iMnAA 
1  ■wnjyo 

0  0093 22 

Ol'9tll83 

lit 

to 

TJ  |J  J     1  tJ^ 

()-S'*'iOii>ai2 

17 

1 -001 01 

1*00118 

0  098801) 

18 

1-00110 

0-9&b817 

i^iai 

0  998C05 

19 

1-00187 

o-90ieai 

1-00149 

20 

1-00167 

0-908485 

1-00169 

21 

1-00178 

0-998228 

I-OOIOO 

01*98104 

22 

1-00200 

0-908010 

1  00212 

0  097886 

23 

HW223 

0-997T8O 

1  00235 

0007057 

24 

1-O0247 

0  997541 

1  00259 

0-007410 

25 

1-00271 

0-907298 

1-00284 

0W170 

26 

1-002% 

0-907085 

1^0310 

0-996912 

1  27 

1-00819 

0-006767 

i-ooas? 

0  090644  , 

38 

0^996489 

1 -00865 

OiW6S«7 

2t 

0-906202 

1-OOSOS  1 

m 

1-00406 

0-996900 

1-0042S 

9W7S7 

85 

1-00570 

4ti 

1-00763 

45 

1  00054 

GO 

101177 

1-01410 

00 

1-01650 

1-O108O 

TO 

10222G 

7i> 

1-02511 

bO 

102868 

Mo 

1-03189 

1-08510 

OS 

1-03900 

10a 

1-04299 
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TABLE  XXV. 

COMPARISON  OF  THE  DEGREES  OF  BAUM^'S  HYDROMETER,  WITH 
THE  REAL  SPECIFIC  GRAVITY. 


A. — FOB  LIQUIDS  HEAVIER  THAN  WATER. 


Degroefl. 

Spedflc 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
GraTity. 

Degrees. 

Specific 
OraTity. 

0 

1000 

20 

1152 

40 

1  867 

60 

1-652 

1 

1007 

21 

1-lCO 

41 

1-869 

61 

1-670 

2 

1-013 

22 

1-169 

42 

1-881 

62 

1-689 

3 

1-020 

23 

1-178 

43 

1-395 

63 

1-708 

4 

1027 

24 

1-188 

44 

1-407 

64 

1-727 

5 

1084 

25 

1-197 

45 

1-420 

65 

1-747 

6 

1041 

26 

1-206 

46 

1-434 

66 

1-767 

7 

1-048 

27 

1-216 

47 

1-448 

67 

1-788 

8 

1-056 

28 

1-225 

48 

1-462 

68 

1  809 

9 

1-063 

29 

1  235 

49 

1-476 

69 

1  a3i 

10 

1070 

80 

1-246 

50 

1-490 

70 

1-854 

11 

1078 

81 

1-256 

51 

1-495 

71 

1-877 

12 

1085 

82 

1-267 

52 

1-620 

72 

1-900 

13 

1094 

83 

1-277 

53 

1-635 

73 

1-924 

14 

1101 

34 

1-288 

54 

1-661 

74 

•1-949 

15 

1-109 

85 

1-299 

65 

1-567 

75 

1-974 

10 

1-118 

36 

1-310 

66 

1-583 

76 

2  000 

17 

1-126 

37 

1-321 

67 

1600 

18 

1134 

38 

1-333 

68 

1-617 

'  19 

1-143 

39 

1-345 

69 

1-034 

B. — FOR  LIQUIDS  LIGHTER  THAN  WATER. 


Degrees. 

Specific 
Gravity. 

Degrees. 

S|)ocific 
Gravity. 

Degrees. 

1 

Specific 
Gravity. 

Degrees. 

Fpedflc 
Gravity. 

10 

1  000 

23 

•918 

30 

•849 

49 

-789 

11 

•993 

24 

•913 

87 

•844 

50 

•785 

12 

•980 

25 

-907 

38 

•839 

51 

•781 

13 

•980 

20 

•901 

39 

-834 

62 

•777 

14 

-973 

27 

•890 

40 

•830 

63 

•773 

15 

-907 

28 

-890 

41 

-825 

64 

-708 

10 

-900 

29 

•885 

42 

•820 

65 

-764 

17 

-054 

30 

•880 

43 

•810 

60 

-700 

18 

•948 

31 

•874 

44 

•811 

67 

•757 

19 

•942 

32 

•809 

45 

•807 

68 

-753 

20 

•930 

33 

•804 

40 

-802 

69 

•749 

21 

•930 

34 

•859 

47 

•798 

GO 

•745 

22 

L 

-924 

35 

•854 

48 

-794 

INDEX. 
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ABRftAnox,  chromatic,  465;  of  glan  rorerv, ) 
610;  of  lenMS,  464;  of  mlrrora,  437;  of 
upherlcity,  465. 

Absolute  itrength,  170;  Eero.  660. 

Abaorpttre  power  for  beat,  637. 

Aecomulated  electricity,  843. 

Achromatic  microacope,  608,  611 ;  telescopes, 
604. 

AchromatL«m,  466. 
Aeoostlca,  336. 
Acoimtic  ahadow.  350. 

Action  and  reaction,  27;  of  »lUlingbodj,  77. 
Action  of  a  doable  conrez  lena,  447 ;  of  heat 

on  matter,  666 ;  of  magnetism  on  light,  919 ; 

of  surfiices  apon  lieat,  636. 
Actual  and  theoretical  Teloeitles,  144. 
Adaptation  of  eye  to  distance,  480;  of  power 

to  weight,  110. 
Addenda,  page  668. 

Adhesion  dintingaiahed  from  cohesion,  147. 
Adrantage  of  friction.  141. 
Aerial  phenomena,  957 ;  wares,  S32. 
Air,  buoyancy  of.  268;  impenetrability  of;  259; 

inertia  of,  260;  pump,  287;  vibrating  in 

tabes.  379. 
Amalgam,  834. 
Amalgamation  of  plates,  868. 
American  eleetrictd  machine,  836;  tnrUns, 

231. 

Amorphlsm,  152. 

Ampere^  diacoTeries  and  theory.  908. 
Amawment  with  electricity.  840. 
Annlonr  of  light  and  heat,  766. 
Analyna  of  central  forora.  64;  of  colors,  46S ; 

of  light,  456;  of  light  by  absorption.  468; 

by  prisms,  456;  of  trains  of  wheei'Worlc, 

117. 

Anemnmeters.  060. 
Anemo«cop«a,  Q50. 
Aneroid  barometer,  164. 
Animal  electricity,  943;  beat,  cause  of,  756; 

utrength,  130. 
Annealing,  178. 
Anode,  882. 
Aplanatie  fod,  500. 

Apparatas,  Atwood's,  72;  Bohnenherger's.  66 ; 
fi>r  condensation  of  gaaes,  600;  for  dlstilhi> 
tion,68T;  UlastraUng  barometer,  964;  Met- 
lunrs,642:  Morin'«,72. 
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!  Appendix,  meteorology,  916;  addenda,  peg* 
GtiS;  phyniral  Ubles,  page  669. 
Application  of  laws  of  falling  bodies,  73;  of 
lerers,  115;  of  pendulnm  and  measure  of 
time,  84;  of  polarised  light,  663;  of  i«flee* 
tion,  absorption,  and  radiation,  640;  of 
screw,  128 ;  of  wedge,  126. 
Appreciation  of  colors,  490;  of  distance,  481. 
Aqueous  phenomena,  972;  solutions,  mazl- 

mam  denrity,  604. 
.^rcMo't  experiment,  912;  polariaeope,  667. 
ArchimedeSf  theorem  of,  206;  demonatrmted, 
206. 

Arehimede^  screw,  298. 
Are,  18. 

Areometers.  212. 
ArtesUn  wells.  204. 

Artificial  magnets.  802;  temperature,  727. 
Awent  of  liquids  in  tubes,  239. 
Astatic  needle,  787. 
Antronnmlcal  telcKope,  499. 
Atlantic  cable,  927. 

Atmosphere,  256;  free  eleetririty  in,  861. 
Atmospheric  electricity,  860;  a  source  of  heat, 
747. 

Atmospheric  engine,  708;  msgnetinn.  800; 
gmsuns,  257 ;  measure  of;  261 ;  refractions, 

Atoms.  20. 

Attraction  and  rppahdon  of  light  hodiea,  831. 
Attraction,  electrical,  812;  experiments,  842. 
Attraction,  magnetic  780. 
Atwood's  apparatus,  72. 
Auditory  organs  of  msn,  303. 
AuffusCs  hygrometer  or  psyrbrometer.  973. 
Auroral  rnrrent,  reeersal  of  polarity  in,  1000. 
Auroras.  994;  effect  on  telegraph  wires.  999; 
geographical  distribution,  997 ;  height  and 
frc>quennr,  996:  magnetic  disturbance,  998; 
rvmarliable,  995. 

Babbaob's  experiment  on  friction,  14a 
Hark-ground,  476. 
BtiK'i  telegraph.  926. 
Balance,  spring.  37. 
Ballbitic  enrre^  145;  pendulnm.  104. 
Balloons,  273. 
Iktrker's  mUl,  217. 
Bath,  temperiaf  by,  178. 
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Barometer,  anrroid,  164;  at  different  altl-( 
tudes,  '205;  rii<terD,  266;  construction  of, 
2(i3 ;  correction  for  U* mperature.  699 :  errors 
of,  2t>0 ;  Fortln'a,  266 ;  Gay  Luoaae's,  267 ; 
DiensuriDK  heij^hts,  272;  metallic,  I tt3;  prin- ' 
ciplM  of.  IIIuKtraied,  264 ;  wheel,  2b8.  | 
Barometric  changes  and  the  weather,  271 ; : 
hi-lKht.  TnrUtioiis  of,  270.  | 
BatterlHii,  i^meu'a,  871;  trough,  870;  Toltalc,  j 


8C9-8S1. 

Beams,  flexure  of,  162;  lateral  Btreogth,  172; 

of  light,  -iOl. 
BcatiDK-  376. 

StatimCs  hydromet>>r,  212. 
Bellows,  281. 

Blasting  by  electricity,  937. 

IkMly,  defined.  1. 

B'iline.nberger't  apparatus,  65. 

Binocular  vision,  484. 

Boiler  for  Gold's  steam-hmter,  733. 

Boilinfc  point,  669;  application  In  arts.  678; 

circumstances  influencing,  676;  heights 

mcHsured  by,  679. 
JititruUm's  metallic  barometer.  163. 
Jt  tycUn's  American  turbine,  231. 
ISracbystocbrome,  76. 
JSnunah  preFS,  100. 
JSreast-wbeel.  230. 

liregwVt  metallic  thermometer,  680. 
Brlgbtn<»B  of  ocular  imago,  473. 
Briunnia  tubular  bridge,  172. 
Brittleness,  177. 
Itronse  tempcrinir,  178. 
Bunten^t  photometer,  414. 
Buoyancy  of  air,  258. 
Buoyancy  of  liquids,  205. 

rAMBKIDCK  TELrSCOPE,  506. 

Ciiuura  lui-id.H.  518. 

Ciipillarity.  'iil^;  peneral  fartt  in,  233;  a 

Riiun-c  of  heat.  741 ;  influenced  by  currc  of 

Rurfiice.  *2-3ti;  laws  of,  237. 
Capstan,  110. 
Cnlorimetry,  C50. 
CaiiiflH,  2()t>. 
Camera  ob-^cura,  517. 
Carbf>n  battery,  870, 
CartfMian  devil,  2lH}. 
Cathode,  8^2. 
Ctttoptrico.  41.). 
Caustic  furvcs,  437. 
CentL'rade  tlitruiometor,  570. 
Centimetre.  18. 
Ceiitrtil  ft>rce*.  analysis  54. 
Centre  of  pravity.  IX).  62;  in  bodies  of  unequal 

d.  nsity.  tiS;  of  regular  figures,  64;  without 

the  bfxly.  Co. 
Centre  of  hydrostatic  pressure,  197. 
Centre  <)f  oseillation.  83. 
Conlrifiiiial  and  centripetiil  forces,  52. 
Cenlrifu.ral  drying  niuchino.  53. 
Centrlfu^l  fon-es,  demonstration,  53. 
(^btiin  pump,  207. 
ChHii^ie  of  deoMty,  1C9. 
Chart  of  maiini  tii';  viiriatlonsi,  789. 
Chart  of  iiideliiinl  lines.  794. 
Chemionl  nflinify  ami  raolerular  attraction, 

900;  eomMnation,  748;  effeK-ts  of  the  pile, 

lii-tory.  8S8 :  fon-e,  5 ;  sources  of  heat,  748- 

757 ;  union  by  electricity.  850. 
Cheml.«try.  relation  of  to  physics,  9. 
Cficvreuis  v-la.xBitkation  of  colors,  491. 
Chimneys,  draught  in,  717. 


Chromatic  aberration.  465. 
Chromatic  diagram.  491. 
Chromatic  polariscope,  667. 
Chroma  tics.  466. 

Cbmnometent,  compensating  bsUoce  wbeebs 
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Cistern  barometer.  266. 

Clarke's  magneKMslectrle  apparatiu,  938. 

Cleavage,  157. 

Citmates,  climatology,  947. 

Clocks,  rlertrloal,  928. 

Clothing,  relations  to  heat,  G25. 

Cloads,  978;  rbssification  of.  970. 

Coexistence  of  sound  waves,  338. 

Cohesion  among  solids,  147. 

Cohesion  and  repulsion,  146. 

Cohesion  In  liquids,  gases,  and  snlkls,  148. 

Cold,  apparent  radiation  of;  GSi. 

Cold  by  evaporation,  681. 

Color  bliodneaa,  490. 

Color  dependent  on  tempemtare,  768. 

Colored  polarization,  655 :  rings  in  crystals,  66S. 

Colors,  analy;<is  of,  458 ;  CbcTreul's  classifica- 
tion of,  491 ;  complementary.  469 ;  of  grooved 
pUtes,  636 ;  of  thin  plates,  629 ;  atody  o(  482. 

Columns,  resistance  to  preaaun^  17L 

Combination  of  waves,  327. 

Combustion,  a  source  of  heat,  iM;  caoia  of 
heat  in,  750. 

Comparison  of  diOlBrent  thermoiMteri,  (76. 

Compass,  mariner's,  787. 

Compensating  balance  wheels,  696;  pendit- 
lums,  696. 

Complementary  colors,  469. 

Components  and  resultants.  44. 

Composition  of  white  light,  457. 

Compound  chords,  372;  cryietals,  156;  lenses, 
450;  levers,  114;  examples  of,  115;  micro- 
scope,  49C:  achromatic,  511;  motion,  33; 
pendulum,  83;  pulleys,  120. 

OimprosMHl  gases,  eacaiw  of.  2S3. 

Compressibility,  21;  of  gaseK,  274;  of  liquids, 
ISS. 

Com|>re».«lng  machine, 
Compres.-iiin  a  smirce  of  be&t,  739. 
Concave  lenses.  44S. 

Concave  mirrors,  42G;  foci  of,  427 -4Ui ;  imazes 
by.  433. 

Condeiisntlon  of  ga«t>s.  689,  090. 

Condenser  of  ^Ipinus.  844. 

Conductibility,  clothing.  625;  of  crystals,  616; 
examples  of.  622.  023;  of  gases.  620;  of 
liquids,  f>19;  of  metals.  615;  of  powders  or 
fil)res,  024;  relative,  of  solids,  liquids*  and 
gase.",  621;  of  rolids,  614,  622;  of  wood,  617. 

Conduction  of  beat,  613. 

Conjugate  mirrors,  605. 

Cbnxlitution  of  liquid  veins.  222. 

Construction  of  hiirometers,  2*'>3;  of  mnMcal 
instrunient.4,        of  tbermonieters,  568. 

Convection  of  bent,  020;  of  beat  in  liquids,  C27. 

Convex  Iet>8e8,  417. 

Convex  mirrc^rs.  42(>,  4.'>."> ;  images  by,  435. 

Cooling  by  radiation.  0^2. 

Copp«>r,  tenip«Ting.  178. 

Cords,  vihmtion  ».f,  30«<.  309. 

Corollaries,  on  centre  of  gravity,  63. 

Coronas.  537. 

Correlation  of  forces,  758. 

Coulomb  on  rolling  friction,  139;  on  starting 

friction.  138. 
Oiulomb's  electrical  laws,  819 ;  laws  of  torsion, 

106. 


INDEX. 


G91 


Couple*,  48. 
Cowls.  :25. 

Crj-HUllution  by  feeble  eairenU,  S93. 
CryeUlojcrapby.  1.^1. 

CrvHtiiN  coo  duct  beat,  616;  forms  of,  163, 158; 

ixtffitiTe  aDJ  negative,  551. 
Ciil'icnl  i'X|>anMon,  &iX>. 
(.-uHuar)-  paradox.  G77. 

Currents,  in  air  and  Raara,  710;  Induced  by 
niaifncta,  938;  in  the  ocean,  (>28;  of  elec- 
tricity, path  and  velocity  of,  818;  prodaced 
hy  ice.  7".^4. 

CurvM,  ballistic  145;  influence  In  capillarity, 
'jm;  of  liquid  aurfacua,  2^;  of  awiftest  de- 
reent,  76. 

Curvilinear  motioo,  51. 

Cut  off,  712. 

Cycloidal  pendalam,  85. 
Cyclones.  tXW. 

Cylinder  electrical  machine,  834. 

Dakicll's  GODBtaDt  battery,  874 ;  hygrometer, 

973. 

l>ark  lines  In  n>«ctrum,  461,  462. 
IKscliiiation  of  magnetic  needle,  788. 
Deriaietre.  IK. 
Di«p-*e»  thermometer,  581. 
Deflagration.  S86. 

XV  La  Hire's  floating  current,  90O. 
Denioniitratinn  of  Torricellian  tbeomn.  220. 
IX)nsity,OS;  rhan|i:rd  by  tension,  IKS;  of  gases, 

611 ;  of  the  earth  estimated  by  ezpertmeDt, 

1()2;  of  Tapom.  G93. 
Depth  of  Waved,  322. 
DepresKion  of  mercury  In  tubes,  238. 
Descent  on  curvea,  76;  on  inclined  planes,  74. 
DetpreU"!  experiments,  275. 
Destructive  elTecta  of  Impact,  112. 
Determination  of  reflective  power,  636, 
Deviation  of  light  twice  reflected,  423. 
Dew.  975;  on  what  It  blls,  076. 
Dew-point.  674. 
DIamagnetlnn.  920. 
Diamond  Jar,  852. 
INapaaon,  377 ;  natural.  395. 
Diathermancy .  041;  applications  of,  647 ;  causes 

which  modify,  645. 
Diflerential  thermometers,  587. 
Diffraction,  632. 
Diffused  liicht,  410. 
Dilatation  by  heat  explained,  709. 
Dimensions  of  the  earth,  92, 
Dioptrics,  438. 
Dipping  needle,  793. 

Direction  of  fores.  40 ;  of  osmotic  eorrent,  247 ; 

of  terrestrial  attraction,  GO ;  of  vibrations  of 

litrht,  541. 
Directive  action  of  the  earth,  911. 
Disp«>rBion  of  light,  4U6. 
DiHpIaeement  of  sero-point,  673. 
Dissecting  microscope,  495. 
Distance  calculated  by  sound,  346;  of  distinct 

TiKion,  478:  that  sound  can  be  heard,  35L 
Distillation,  686. 
Distiliiiiff  apparatos,  6S7. 
Divisibility,  19. 

Double  diatonic  scale.  373;  refraction,  650; 

polarisation  by,  652;  vision,  483. 
Downward  pressure  of  liquids,  191. 
Draught  in  chimneys,  717. 
Drops  of  liquids  in  conical  tubes,  241. 
Dry  laies,  873. 

Drying  maehlna  tat  lanndrias,  53. 


Duhotafi  dcetrle  lantern,  884. 
Dub't  laws  of  eleetro-magnetlam,  915. 
DucUlity,  175. 

Duration  of  visual  Impressions.  487. 
Dwellings,  supply  of  fresh  sir,  726. 
Dynamical  electricity,  862 ;  theory  of  beat,  702. 

Ear.  393;  sensibility  of;  278 ;  trumpet,  359. 
Karth  clrrnlt,  922. 

Earth's  rotation,  effect  of,  upon  gravity,  9ii 

demonntrated  by  the  pendtUum,  SO. 
Ebullition,  675. 

Echo,  353 ;  tone  changed  by,  356. 

Echoes  repeated.  354. 

Effects  of  centriftigal  force.  53. 

EUstIc  b^lls  transmit  shock,  186;  bodies,  im- 
pact of.  182;  fluids.  252. 

Elaatldty,  limit  of.  168;  modulus  of.  183;  of 
flexure,  162;  of  liquids,  188;  of  metals.  tahK 
161;  of  solids.  159;  coefficient  of,  161;  ot 
tension  and  comprewdou,  160;  of  torsion,  16i5. 

Electric  battery,  849. 

Electric  currents,  induced.  929;  light  In  a 
vacuum,  935;  mutual  action.  9t;9. 

Electric  discharge,  effects  ot,  853;  In  vacuum, 
852. 

Electric  llxht.  properties  of.  SS5 ;  regulators  at, 
884;  n>tation  aN>ut  a  magnet,  930. 

Electric  srark.  color  of,  852. 

Electric  telegraph,  history  of  921 ;  Morse's  ro> 
cording.  924;  varieties  of,  923. 

Electrii  ity,  atmoapherle,  8GU.  861 :  chemical 
effects,  858 :  chemical  union  by.  856;  classt- 
flcation.  773:  conductors  oil  814;  dlscharga 
in  cascade.  850;  diiqcuiiied.  843 ;  distribution 
of,  825;  dynamical,  802;  dynamical  con- 
vert e<l  into  statical,  93.");  earth  a  reaerrUr 
ot,  815;  floating  current,  9U9;  from  all 
sources  identical.  939 ;  from  steam.  839;  loss 
of.  in  excited  bodies.  827:  msgnetin,  774; 
mechanical  effects,  857 ;  only  nu  outer  snr- 
face,  824 ;  of  plants,  945;  positive  and  nega- 
tive, 813;  of  the  air,  087;  phyidologicat 
effects,  8M;  theories  of.  816;  theory  of 
Toltaic,  863 ;  univeml  discharger  of,  861 ; 
velocity  of.  818;  vitreous  and  rerinons,  813. 

Electrical  amusements.  840;  anlnull^  944; 
attraction  and  repulsion,  812;  Mis.  842; 
blaating,  037 ;  cascade  in  vacuo.  935 ;  clocks, 
928;  condenser,  discharge  of;  845;  eflects, 
811;  egg.  852. 

Electrical  excitement,  sources,  810;  unlver> 
sality  of.  940 ;  varioua  sources.  840. 

Electrical  fire  aUrm.  928;  hail-storm.  842; 
helix,  910;  induction.  828;  Uunp,  Volta's, 
856. 

Electrical  machines,  834-838;  care  of;  838; 
theory  of.  841. 

Electrical  nomenclature,  882;  pendulum.  812; 
phenomena,  987 ;  power  of  points,  826 ; 
tardation,  880;  wheel,  842 ;  tension  and  cur- 
rents, 817. 

Electrochemical  telegraph,  926. 

Electrode,  electrolyte.  8t>2. 

ElectnHljnamie  spiral,  910. 

Electro-dynamics,  general  laws,  002. 

Electrolysis,  laws  of,  890;  of  salts,  881;  of 
water,  889. 

Electro-magnetic  currants,  motloa  ct,  804. 

Electro-magnetic  motion.  017. 

Electro-magnets,  913;  i'age's  revolving,  914; 
power  of,  915. 

Electrometers,  832. 
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Electrometer,  gold  leaf,  846;  tonrion,  820. 
Electropborua,  833. 

Electro-positive  and  electro-negaUve,  867. 
ElectithpriDUoK  teleffraph,  025. 
Electroscopes,  813,  842. 
Electroscope^  Bohnenberger's,  873;  Volta's 

condeiuiDg,  846. 
Electrotype,  892. 
Enurton't  Tentilators,  725. 
EmiraiTB  power  fur  heat,  638. 
Elements  are  Bimplo  bodies,  1 
Eadltfiw  vcrow,  129. 

Endosmofic,  244 ;  of  gases,  250 ;  theories  of,  251. 

EndoBmonictor,  245. 

English  aod  American  weight.*,  101. 

English  units  of  length,  17. 

Eolipile,  704. 

Epipolic  dlspemlon,  533. 

Equntorial  telescope,  505;  Cambridge.  506. 

Equilibrium,  38;  condiUcns  of,  in  liqaids,  199; 

neutral,  unstable,  and  stable,  202  *  of  bodies 

supported  in  more  than  one  point,  69;  of 

mnchines,  107. 
Equilibrium  of  liquids,  between  laminie,  240; 

free  from  gravity,  200;  in  eommunioating 

Yeraels,  201 ;  of  ditfen-nt  densities,  202. 
Equilibrium  of  solids  placed  upon  a  horizontal 

surface,  67 ;  supported  by  an  axis,  66. 
Equilibrium  of  the  lever,  114. 
Errors  of  barometer,  causes  of,  269. 
Escape  of  compressed  gases,  283;  of  liquids 

through  tubes,  223,  224. 
Essential  properties  of  matter,  12. 
Estimation  of  high  temperatures,  586. 
Eustachian  tube,  393. 
Evaporating  power  of  Aiel,  715. 
Evaporation,  causes  influencing,  673;  cold  by, 

681 ;  mwhniiical  force  of,  G84. 
Examples  of  compound  levers,  115. 
Kxosmo.^e.  244. 

Kxpan.Mibility  and  compressibility,  610. 
Kxpansibility,  22. 

Kx|)an.«ion,  amount  of,  in  solids^l :  apparent 
and  .ibsulute.  .'lUS;  coefficient  of.  591 ;  cubical. 
5M;  curve  of,  for  liquidn,  602;  force  exerted 
by,  593;  incrcnscs  with  temperature,  592; 
linear,  589;  of  crystals,  590. 

Exp-in-iion  of  ga.-Jcs,  253,  606;  Ilegnault's  re- 
Bult.s.  007. 

ExpaiiRicm  of  llquidf^,  597 ;  above  boiling,  602; 

nmouiit  of,  (iOI. 
Exp.-iiiBion  api^aront  of  mercury.  600;  of  mcr- 

c»iry.  cf»«fti(ient.  61iS :  of  solid;*,  fiR9 ;  of  water, 

4>i>4 ;  plieuomeua  of,  594 ;  uuvqual,  of  solids, 

595. 

Expi'riincnt  a  s-iurce  of  knowledge,  2;  bydro- 

Pt.atic  pressure,  191. 
KxpiTimiMits  of  Despretz,  275;  of  Pascal,  194, 

2ii2;  of  Plateau.  2oO;  of  Ke^nault.  27».<. 
KxpcrinientH  on  density  of  the  earth,  102;  on 

liquid  surfaces,  2.3,>. 
KxpU>8ions,  cauM!  of,  701. 
Extension.  1,3. 

Extremes  of  temperature,  744. 

Eye,  action  of,  on  li<.;lit,  469;  adaptation  to 

disUince,  480;  a  polariscope,  5ti2;  structuro 

of.  408. 
Ey^^piece,  Tollcs'  solid,  512. 
Eye-plecea,  500. 

Facts  (in  interference)  versni  theory,  828. 
Fahrenheit  t  hydrometer,  212;  thermometer, 
570. 


FaitianM  scales,  115. 

Falling  bodies,  laws  of.  71. 

Falling  body,  action  and  reaoUon  o£  77 ;  naes 

described  by,  71. 
Fhraday^t  nomenclature,  882. 
Fhradajf  on  liqoefkction  ofgues,  689. 
Fire«larm,  electrical,  928. 
Fire  engine,  294. 
Fire  regulators,  594. 
Fixed  lines  in  spectra,  461, 462. 
Fixed  pulley,  118. 
Flexure  of  beams,  162. 
Floating  bodies.  206;  equilibrium  of;  907. 
Floating  current,  909. 
Floating  doc)l^  206. 
Flow  from  capillary  tubes,  243. 
Flow  of  liquids,  218. 
Flow,  theoretical  and  actual,  216. 
Fluids,  186;  resistance  of;  143. 
Fluorecsence,  633. 

Foci  of  lenses,  compound,  450;  coneare,  448; 
convex,  447 ;  principles,  445 ;  rales  for,  440. 

Fog-bows.  537. 

Fogs,  or  mists,  974. 

Foot-pound  a  measure  of  heat,  750. 

Force  and  heat,  relations,  758. 

Force,  chemical  or  physical.  5;  definition  of; 
35;  developed  by  evaporation.  684 ;  dlrcetloa 
of.  40;  of  expansion,  593,  603;  of  gravity, 
58 ;  unit  of,  37. 

Forces  are  definite  quantities.  30. 

Forces,  centrifugal  and  centripetal,  52;  eor> 
relation  of,  758 ;  not  parallel  applied  at  di^ 
ferent  points,  49;  measure  of,  41 ;  parallels 
gram  of,  45;  propositions  in  regard  to,  42; 
resolution  of.  50;  statical  and  dynamical, 
39;  system  of,  44. 

Forcing  pump,  292. 

Forms  of  crystals,  153;  of  mirrors,  417;  of 

vibrations,  307. 
Formula),  achromati.<sm,  467. 

"        altitudes  by  ban^meter,  272. 

"        apparentexpausionof  mercury,600. 

"        central  forces,  54. 

"        change  of  volume  in  Rases,  606. 

"        compensating  pendulum,  596. 

"        compound  lenses.  450. 

"        ooncave  lenses,  44S. 

"        concave  mirrors,  428. 

**        convex  lens.  447. 

"        convex  mirrors.  432. 

"        correction  of  barometric  height,  699. 
electric  piles,  8S1. 

"        enclle^'S  screw.  129. 

"        escape  of  liquid^  223,  224. 

"        expansion  of  liquids,  598. 

'*        expansion  of  solids,  591. 

"        flexure  of  beams.  162. 

"        (low  of  liquids,  216. 

"        inclined  plnne,  122-124. 

"        index  of  refraction.  440. 

•<       light  twice  reflected.  423. 

"       magnifying  power  of  lenses,  494. 

"        microscopes,  51.1. 

"        motion  of  projectiles,  10.1. 

"        Newton's,  for  vebvity  of  mund,  653. 

•*        optical  centre  of  len-tes.  452. 

pencils  of  light  refracted  at  plane 
surfaces.  44.1. 

"       pencils  of  light  transmitted  by 
plane  glaffl,  444. 

"        pendulum,  81,  82. 

penetrating  power  of  telescopeii,507. 
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FormulflP,  palley,  110, 120. 

"       rvfhuUoD  at  Rpherlral  furfiieeti,  445. 

"       KfhKtioD  by  parallel  media,  442. 

»       relation  of  Tolume,  temperature^ 
and  preMure  Id  gases,  009. 

«       Bcrew.  1-27. 

upedflc  Krarity,  210,  211. 

"        specific  heat,  653. 

"       spberi<nd  aberration  of  lenses,  464. 

"       standard  thermometer,  677. 

"       strength  of  brams,  172. 

"       uniform  motion.  30. 

*'       Tsriable  mution,  32. 

«       Tariation  of  gravity  by  rotation  of 
the  earth,  04. 

«       Tariation  of  gravity  in  altitude,  95. 

"       Tariation  of  gravity  in  latitude,  00. 

«       Telo.ity  after  Impact,  IM. 

**        velority  of  discharge,  220. 

«       velocity  of  light,  404. 

"        velority  of  winds.  9G1. 

vibration  of  air  in  tubes,  384. 

**       visual  power  of  telescopes,  607. 
EirtMt  barometer,  206 
f\>ue>iulCt  apparatus,  404. 
FrunklMi  kite,  860;  pulse  glass,  677. 
Frattnkofr.t*t  dark  lines,  401. 
Freezing  in  red-hot  crucibles,  €90. 
Freesing  mixtures,  667. 
Freesing  point.  6C9. 
FroKh  air  in  dwelling^  726. 
Frtmd  lens.  621. 

Frenrh  system  of  measares,  18 ;  weights,  100. 

Friction,  advantage  from,  141 ;  during  mottt^n, 
138;  heat  from,  736,  736;  sliding,  137;  start- 
ing. 138. 

Frictional  electricity,  809. 

Front,  977. 

Fuel,  evaporating  power,  715 ;  relstive  Talue 

of.  753. 
Functions  of  the  esr,  391. 
Furnace  blowers,  282. 
Furnaces  for  hot  air,  729. 
Fusion,  laws  and  heat  of,  658;  peculiar  in 

some  solids,  669. 

n.iLTAXic  battery  a  misnomer,  864. 
Galvanic  current.  943. 

Oalvanism,  discovery  o^  802;  contact  theofy, 

863. 

Galvanometer,  905 ;  sine  oompaas,  906. 
Gamut  866. 

Gas  tlluminatloo,  prodocts  of,  721. 

Gas  jet,  mwdcal  note,  382. 

Gases,  252;  and  vapors.  Identity  of,  688 :  eom- 

Cisibility  of,  274-277;  ronductibility  f>r 
t,  020 ;  density  ot,  611 ;  expansion  of.  263 ; 
expanrion  by  bnt  605;  laws  of  expanrion, 
606;  liquid  and  solid,  properties  ot,  691; 
mechanical  condition  of,  264;  transmit 
preMure,  255 ;  relation  of  volume,  tempera- 
ture,  and  presrare,  609;  reduced  to  liquids, 
6K9 ;  spedfle  heat  of,  652, 663 ;  Tolame  of,  COS. 
fJatiot't  easrade,  936. 

Gti.V  LuMtac't  barometer,  267;  hydrometer, 

212;  laws  for  expansion  of  gases,  600. 
Glass,  temper  o^  it 8. 
Glottis,  388. 

GiMt  steam  beaters,  732. 
Graduation  of  thermometers,  560. 
<?ra/uiM*«  compensating  pendulum.  606. 
Gravity,  68;  a  source  of  motion,  70;  affected 
by  tbs  earth's  roUtlon,  94 ;  Influeneed  by 

61 


the  earth's  flgar^  91 ;  intentity  Tsrlet  with 
latitude,  90 ;  measured  by  the  pendulum, 
88;  varied  by  alUtude.  95. 

Gridiron  pendulum,  506. 

<Jrote'»  battery,  875. 

Gyijttcope,  67. 

ITadlzt'8  sextant,  43. 
Hail,  08A. 
llalos,  537. 
Hammering,  170. 
Hardening.  178. 
Hardness,  176. 

Hare's  ealorimotor,  S70;  deflagrmtor,  870; 
electrometer,  840. 

Harmony,  melody,  365. 

HarriMon't  compenrating  pendulum,  590. 

Hearing,  341 ;  of  animalH,  396. 

Heat,  action  of.  on  matter,  666;  amount  by 
chemical  action,  751 ;  and  force,  relations 
of.  768;  and  light,  analonr  of,  766;  and 
light,  by  chemical  and  mechanical  action, 
768;  cause  of,  in  animals,  756;  causes  which 
modify  emissive,  absorbent  and  reflective 
power,  CS9;  change  ct  state  in  bodies,  764; 
coloration.  646;  conclusions.  772;  conduc- 
tion of.  613;  convection  of,  626;  developed 
by  folidlflration,  663;  diffniction  and  inter- 
ference, 649;  dynamical  theory,  762;  expan> 
slon  of  gsses  by,  606;  expansion  of  liquids 
by,  597 ;  expansion  of  solids  by,  689;  fmm 
magnetism,  918;  latent  666;  mechanical 
e<iulvalent  758,  760;  mechanical  unit  of 
measurement  769;  nature  of.  664;  of  com- 
bustion. 749 ;  modes  of  communication,  612, 
of  capillarity,  741 ;  of  chemical  action,  748; 
of  compression,  739;  of  friction.  736-738; 
of  fusion,  658 ;  of  humid  combinations.  754 ; 
of  percussion,  740 ;  of  voltaic  arch,  886;  of 
voltaic  currents,  887 ;  origin  of  terrestrial, 
746;  polarisation  of,  619;  quantity  and  ln> 
tensity,  771;  quantity  developed  by  frle> 
tion,  736;  quality  o^  how  changed,  770; 
radiation  of;  629;  reflection  of,  635;  refrao- 
tinn  of,  648;  relation  to  cold,  665;  spedfle, 
651 ;  tranamlHsion  of  radiant  641 ;  unit  of; 
C60 ;  universal  radiation,  633. 

Heating  by  hot  water,  730. 

Height  measnred.by  barometer,  272. 

Heights  measured  by  boiling  water,  679. 

Helix,  electrical,  910. 

Jliero's  fountain,  296. 

lli)rh-pre.<i»ure  engine.  711. 
.High-pressure  steam,  680. 

Horse-power,  714. 

Horse-power  machines,  132. 

Hot  air  furnaces,  729. 

Hot  water  apparatus,  731. 

Jtouit't  telegraph,  926. 

Humidity  of  the  air,  972. 

Hurricanes,  968. 

Hydraulic  ram.  296. 

Hydraulics,  213. 

liydrodynsmlcs,  186. 

Hydrometers,  212. 

Hyilrostatic  paradox.  105. 

Hydrostatic  press,  190. 

Hydrostatics.  186. 

Hygrometers,  973. 

Hypothesis  defined,  3. 

Uypsomcter,  679. 

ICB,  cumnts  prodoced  by,  T24. 
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Ice  machine,  Twining'a,  681. 

Illutntnation  of  railways,  6*20. 

Illuoiination,  products  of,  721. 

Illumination,  sufficiency  of,  477. 

Illustration  of  vis  viva.  111. 

Ima^,  by  concave  mirrors,  433:  by  convex 
mirror^  4115;  by  plane  mirrors,  419;  by 
small  apertures,  412;  by  inclined  mirrora, 
422;  by  two  plane  mirrors,  421 :  dititortion 
of,  455 ;  formed  by  lenses,  453 ;  in  the  eye, 
inverted,  470;  multiplied  by  two  surfaces, 
420;  virtual.  434. 

Impact  and  its  results,  112;  as  related  to  vis 
viva.  112;  in  relation  to  momentum,  112; 
of  elastic  b(Klic^  1S2. 

Impenetrability,  14. 

Impenetrability  of  air,  259. 

Imponderables  11. 

Impressions  of  light  and  heat,  7G6. 

Incandi'scence,  7t>7. 

Inch  cif  water,  221. 

Inclination  map,  isoclinal  lines,  794. 

Inclined  plane,  121-124.  I 

Index  of  refraction,  440.  I 

Induced  curr  -nts,  different  orders,  930. 

Induced  cur.  cuts  from  earth's  inagneti.«m, 
032. 

Induction  an  act  nf  contiguous  partiMi*n.  S30. 
Induction  coil  of  KuhmkorfT,  033;  effects  uf, 
934. 

Induction,  electro-dynamic,  929:  of  a  current 
on  itself,  930;  of  electricity,  828 ;  of  magnet- 
ism, 783. 

Inductive  philoraphy,  4. 

Inductive  power  of  earth's  magnetism,  797. 

Inertia,  26;  of  air,  260. 

Inllammation  by  electricity,  855. 

I  nltuence  of  the  earth's  figure  upon  (rravlty.  91 . 

lutcnMty  of  aerial  waves,  332;  of  liRht,  413: 
of  luminous,  calorific,  and  chemical  rayo, 
46-!;  of  many  couples,  881 ;  of  radiunl  heat, 
G31. 

Interference  cf>lor8,  529;  of  H^ht,  627;  of 
sound.  349;  of  waves.  327.  328. 

Intermittent  fouuUiu,  2S(i;  spring*,  286;  sy- 
phon, 2S5. 

Inferrinl  e«r,  393. 

Internal  reflection  of  light,  408. 

Intervnl  in  music,  371. 

loos,  8K2. 

Irregular  reflection  of  licht,  410. 
I.HociironiKui  of  the  pendulum,  80. 
IwH'hronous  vibrations,  303. 
iMxlynAmic  lines,  796. 
I.«o2«naI  lines,  789. 
Isothermal  lines,  950. 

Jets  of  wator,  225. 

Johnson  on  streni^th  of  materials,  170. 
Joule's  experiments  on  heut,  100,  761. 

Kaleidoscope,  424. 
Kiilychn)matic."<,  404. 
Key- note  of  nature,  335. 
Kilometre,  18. 

r.\RTNX,  3SS. 

lAlent  electricity,  843. 

Lntent  heat,  dob. 

iMU'ut  heat  of  fusion,  058;  of  steam,  C82. 
L.itornl  strength  of  beams.  172. 
jAitour*  law  for  vapors,  092. 
Law,  definition  of,  3. 


Law  of  coolinK  by  nidiatSoo,  632;  of  Latonr, 
002;  of  onlTersal  graviution,  50. 

Laws  of  aeoustira  determine  specific  heat,  663. 

Laws  of  Uernoulli,  384;  of  capUlarity,  237; 
of  capillarity  between  lamiuip,  240;  «>f  eleo 
trii-al  attraction  and  repulsion.  810-822 :  of 
electrical  induction,  829 :  of  electricity  and 
chemical  action,  898;  of  electrolyeis,  800; 
of  electro-dynamics,  002:  of  elertru-magnet- 
ism,  01»;  of  falling  bodies.  71;  appliraUon. 
73;  Terificatioo,  72;  of  fusion,  658;  uf 
Ohm,  880;  of  solidificatioD,  662;  of  stormy 
071 ;  of  tenacity,  170;  of  torsion,  166. 

I<ength  of  luminous  waves,  &3I. 

Lenses,  438;  compound,  450;  eoneave,  448; 
convex,  447 ;  images  formed  by.  453 ;  optical 
centre  oC  452;  refmctiun  of  oUiqoe  pencils 
by.  451 ;  rules  for  l.«i,  4*0. 

2>.  Eny'$  dynamometer,  37. 

Lever,  113;  application  of,  115;  eqnilifariom 
of.  114. 

I^'yden  jar.  847 :  electricity  In,  848. 

Life  an  unknown  power,  10. 

Light,  action  of  eye  npon,  4<KI;  amonnt  r»> 
fleeted,  407  ;  and  heat,  analogy  of,  7tiS ;  and 
hent  by  chemical  and  mechanical  action, 
7t)8  ;  changed  by  polarization,  543;  color  of^ 
dc{tends  on  tem()eralure,  768;  diffused.  410; 
direction  of  vibrations,  641 ;  heat  and  elee- 
tricity  are  forces  in  nature.  11;  In  a  homo- 
geneous medium,  403 ;  influenced  by  mag- 
netism. 010;  internal  reflection,  408 ;  irregu- 
lar reflection,  410;  length  nf  vibralions,  631 ; 
nature  oC  308 ;  pencils  of^  pa8>ing  through 
plane  glass,  444;  pencils  uf.  refracted  at 
plane  surfaces,  443 ;  polarixod  by  abeorption, 
645;  polnrixed  by  ri-flertion,  54'i;  polarized 
by  refraction,  547,  54S;  proiwrtie*  of,  406; 
total  reflection  of,  409 ;  rsyR.  peitciU.  Iieams, 
4ul;  refracted  by  par»llei  strata.  412;  rela- 
tion of  Ixxlies  to.  400 ;  M)im-e.<  of.  V>3 ;  trans- 
nu.>>sir>n  of  vibratinn.4,  '42;  velocity  of,  404. 

IJ»;ht-bouses.  622,  523. 

LijihtniDg,  990;  classes  of,  991 ;  return  stroke, 

992. 

LiKhtning-rod-J.  903. 

Limits  of  elasticity.  ICS;  of  magnitude,  173. 

Linear  expansion.  'i(-9. 

Li<iui>I  surfiices,  cause  of  curve,  234. 

Liquid  veins,  constitution  of.  222. 

Liquids,  1H6;  smount  of  ex(>anMon,  €01; 
ascent  in  capillary  tulK-s,  23^:  conditions  of 
equilibrium.  199;  conductiMlity  for  lieat. 
CIO ;  convection  of  heat  in,  627 ;  curve  of  ex- 
pan.M<in,  C02;  downward  pressure  of,  191; 
ehiHticity  of,  ISS;  e<iuiiibrium  of,  199,200; 
equilibrium  of,  in  communicating  vessels. 
2ul,  202;  oxpunrion  of,  597;  expauMon 
above  lK>illng,  t)02:  force  of  expansion.  603 : 
lateral  pre.«>sure,  193;  mechanical  condition, 
1S7  :  repelled  by  heated  surface,  697  ;  spher- 
oidal state.  G91 ;  transmit  pressure,  189 ;  M\y- 
ward  pressure,  192. 

Liquefactlou  and  solidification.  G55;  gradual, 
6,'.G. 

Liquebction  of  pases,  theory.  f-P8;  nf  vnpors, 
G85. 

Listens  aplanatic  fo<  l,  509. 
Litre,  IK. 
Living  force.  111. 
Lodef^tone.  774. 
Looming,  639. 
Long-sightedness,  486. 
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Low  preuuru  cnginefl,  710. 

M\cni:<i  power  and  weight,  IOC. 

M»chin«Mi,  1U5;  equilibrium  of.  107. 

MK){ir  tantern,  bib;  aqnarea.  85*2. 

Mai;nctic»ttr«cUun  and  repulalon,  780;cnrTefl, 
777;  dip  of  nwdltj,  7«1 ;  eli^trlclty,  774; 
flnurv«,778;  force,  dl*lributlon,  776;  three, 
liofn  of,  709 :  induction,  783 ;  inten<ilty,  705 ; 
mvridian,  788;  needle,  775,  787;  obwrrar 
tions  70S;  phantum.  777;  polarity,  776; 
rotary  polarization,  5G0. 

Ma;;n6tism,  action  upon  llji^ht,  010;  atmos- 
pheric, 800;  cocrcltlvefore«s78<5;  by  contact, 
1 81;  convention  into  hest,  918;  different 
botlios,  782;  of  rti-el  by  iiolar  raya,  807 ;  of 
the  earth,  action  of.  on  dipping  needle,  702; 
origin  of  the  earth's,  801 ;  terrestrial,  787 ; 
thmriee,  784,  785. 

Ma;;nirtixin2  by  the  helix,  912. 

MaKiitfto-elertric  apparatus,  038. 

MaKiietOHtliTtricity,  038. 

Ma{;n«rt<,  anomalous,  779;  artiflcial,  775:  by 
elt:ctro-magneti!>m,  8U5 ;  by  touch,  803 ;  com- 
pound. 806;  deprived  of  power,  808;  direc- 
tive tendency  of;  787 ;  horseshoe,  804 ;  natu- 
ral. 774;  production  ot,  802;  Talus  huw 
Taried,  802. 

Magnifyiux  glasses,  493. 

Magnifying  power  of  lenses.  404. 

Majtniiude,  13:  limiU  of,  173. 

Malleability,  174. 

Manometers,  278;  with  compTeased  air,  280; 

with  free  air,  179. 
Map  of  iwlinal  lines.  794. 
3Inrtner'a  compa*s,  787. 
Jiariatfea  law,  274. 

Jlurtin't  compensating  pendulum,  696. 

Sfathomatical  pevlulum.  78. 

Matti'r,  1 ;  acccwory  properties,  10 ;  changes 
in.  7 ;  essential  propertl<%  12 ;  general  pro- 
prrtios,  6;  three  utates  ot,  16;  properties  ot, 
physirsi  or  chemical,  8. 

Maa4,  41.  06. 

Maximum  and  minimum  thermometers,  678. 
Maximum  density  of  aqueous  solutiODB,  604; 

of  wat«r,  604. 
Mean  temperatnrs,  950. 
Mmxure  of  forces,  41. 
Mea«nreii  of  capacity,  17, 101. 
Mechanical  condition  of  gases,  254 ;  eflleieney 

of  the  screw,  128;  equivalent  of  heat,  768; 

force  of  evaporation,  684;  illustration  of 

Tibrations,  aOl ;  sources  of  heat,  735. 
Merbani«m  of  the  voice,  880. 
MfUonCt  apparatnn,  642. 
MeUim€»  tlierm» multiplier,  942. 
Melody,  harmony.  365. 
Membranes,  vibration  o^  318. 
>len.  stren;;th  of.  131. 
Mercurial  rain.  24. 

MiTcnrial  tht-rmomcter,  6C8;  limits  of,  674; 

di>f<!ct8  of.  570. 
Mercury,  dcprcFmon  of.  in  tubes,  238. 
Meridian  mewnrements,  91. 
Metac«>ntre.  208. 
Bletallio  liarometcr,  1C3. 
MeUllic  thermometers,  680. 
Metals,  rhangs  of  properti««,  180;  change  of 

stroetura,  180;  conduct  lieat,  016. 
UstasUtic  tharmometer.  679. 
Meteoroiogieal  obserraUou,  M9. 
UstMtioloor,  M6. 


MetT«,  18. 

Microscope,  achromatic,  angular  aperture, 
fining  power,  illuminating  power,  magnify* 
,    ing  power,  penetrating  power,  visual  power, 
I    61o;  compound,  496;  o)tiwt-Kla>««*>  608; 
Kaxpail'a  disaecUng,  495;  simple,  406;  solar, 
610;  rt«nd,614. 
Bfillimftre.  18. 
Minute  division,  19. 
Mirage,  64«>. 

Mirrors,  415 ;  forms  of,  417. 
Mobility,  25. 

ModifltHl  forms  nf  crystal*,  166. 
Modulun  of  ela«ticity,  183. 
Molecular  motion,  In  heat,  763. 
Molecules,  20. 
^iomentnm,  43. 
Monochord,  3(i7. 

Monthly  variations  in  temperature,  951. 

Morin'M  apparatus,  72. 
'  Murte's  tpl«-grapli,  924. 

Motion  and  f«irce.  composition  of,  examples,  45. 

Motion  commuutcatetl  by  collision,  181. 

Motion,  compound,  33:  curvilinear,  51;  of 
projectiles,  103;  uniform,  30;  unifonnlly 
varied,  32;  variable,  31 ;  varieties  o^  28. 

Mountings  fur  telescopes,  606. 

Moutb-pipem  38a 

Movable  pulley,  119. 

Movement  of  drops  in  tabes,  241. 

Munic  halls.  362. 
I  BIu»ie,  theory  of,  363. 

Blusiral  instruments,  383. 
!  Munical  interval.  371. 
'  Musical  scale,  S66;  new,  37-3. 
'  Musical  aonnds,  336;  quality  of,  363. 

Musical  tones  from  magnetwm,  916. 


NA-mtAl.  diapason.  806. 

Natural  history.  10. 

Natural  philoaophy.  9. 

Nature,  key-note  of.  335. 

Nearsightednpw,  485. 

Negative  eye-piece,  600. 

NrgrtUi  ^ZambraU  thermometer,  678. 

Neutral  equilibrium,  2U7. 

New  musical  scale,  378. 

Ntwtim't  formulae  for  velocity  of  sound,  663. 

NeviUm^t  rings,  630. 

ICichUton^t  hydrometer,  212. 

yiatTt  prism,  653. 

Night  glara.  498. 

Nitric  add  battery,  876. 

JfobilCs  galvanometer,  906, 

yabHi'M  rings,  894. 

Nodal  flgurea.  317. 

Nodal  lines,  313;  how  delineated,  316;  pod- 

tion  of.  314. 
Noilal  points  305. 
Noise.  3:;5. 

Nomenclature,  Faraday's  electrical,  882. 


In, 


0BJECT-<2L.i«sr^  for  the  microscope,  608. 

Objectives  compound,  509. 

Oblique  prnriK  430. 

Oblique  pcnt-iU  refracted  by  leuMS,  451. 

ObS'Tvstion  and  experiment,  ti. 

Ocular  image,  brighlnen  of^  473. 

(EhrtocTf  discovery,  003. 

OAin'f  law  of  retjirding  power,  880. 

Open  flra,  728. 

Opera^Iasa,  498. 

Optic  angle.  471. 
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Optic  axis,  471. 

Optical  centre  of  a  lenn,  462. 

Optlcil  inftruments,  493. 

Optical  toyii,  488. 

OplU%,  397. 

Organ  of  I'oole  and  Alley,  376. 

Organic  solations,  osmorie  in,  248. 

Organs  of  bearing  in  animals,  396. 

Ori;{in  of  terrestrial  heat,  746. 

Ori^n  of  undulations,  299. 

Oscillation,  centre  of,  83. 

OxciilaUon  defined.  78. 

Osmose,  244;  conditions  of;  246. 

Oamwe  of  Inori^nic  Mlutions,  249;  of  organic 

BolQtions,  248;  direction  of  current,  247. 
Oversliot  wheel,  229. 
Ozone,  869. 

Page's  reTolving  maf^iet,  914. 
I\ige''i  Tibrating  armature,  931. 
Parachute,  273. 
Parhelia,  637. 

Parallel  forces,  resultant  of,  46. 

Parallelogram  of  forces,  46;  of  rotations,  66; 
ofTduciti6S,34. 

I\ucaVt  experiments,  194, 262. 

Pawtire  resistance,  136. 

Paths  of  vibration.  311. 

Pencils  of  light,  401;  refracted  at  plane  sur- 
faces, 443;  at  spherical  surfaces,  44(i. 

Pendulum,  78;  applied  to  mearare  time.  84; 
applied  to  study  of  gravity,  87 ;  ballistic, 
104;  compensating,  696;  cycloidal,  86;  de- 
nionstrales  rotation  of  the  earth,  86 ;  formu- 
Ite  fur,  81 ;  isorhrouism  ot,  80 ;  length  beat- 
ing seconds,  89;  physical  or  compound,  83; 
propositions  respecting,  82;  Bimple,79;  used 
to  measure  force  of  gravity,  88. 

Penetrating  p<>wer  of  microscopes,  613;  of 
tc'lesc'0|)e!«,  6u7. 

IV-iminbrn,  411. 

I'crru^Mon  a  hourre  of  heat,  740. 

IVrft-ct  cont-ord,  372. 

I\  rl.  ins'  npparntux,  731. 

Perpetual  luotion,  IS,*). 

rha.-u8  of  undulations.  304. 

I'hGnomuna  dcfini-d,  '1;  of  expansion,  694. 

I'bilos(ipliii-al  e;.'g,  852. 

Phosphoresceni'o,  399.  634. 

Photo  eU'ctric  lantern,  884. 

Photography,  519. 

Photometers,  4N. 

PhycicHl  force.  5;  pores,  23;  optics,  527; 

suun-oa  of  hrnt.  742;  tables,  page  C60; 

tlie'iry  of  music,  3G3. 
Physics  and  chenustry,  0. 
PhycidloKical  efT.'rts  (if  the  pile,  895. 
I'lano  strin;rs  friaM*-.  ISO. 
I'lHiie  gl;i8R.  rt'fractifn  I'V,  4-11. 
Plants.  i-i<»c-tri<  ity  of.  'Jl.V 
I'ltitmu's  cxi«'rimfiit,  "JuO. 
I'lutfs.  vibr.-itiuu  of.  'Ml. 
Plntf  irni  briliuifo.  116. 
I'nfuniatic  ink-1)Oltle,  'JS4. 
PncunKitics.  2.V2. 

Pol.irity  of  compound  circuit.  hTS. 
Polarization  and  transf.-r  i)f  elements.  8'J9. 
Polarization,  almoi'phcriL'.  5C1 ;  by  nb«-orption, 

645;  by  heat  and  by  compression,  669;  by 

reflect  Ion,  640;  by  refraction,  647,  64S; 

colored,  656;  of  heat.  649;  of  light,  641; 

partial,  649 ;  rotary,  660. 


PoUrixIng  inKtnim«>nts,  654. 
TWe**  musical  scale,  373. 
Pores,  physical,  23;  Mttdblii,  24. 
Porosity,  23. 

Positive  and  negative  crTstala,  551. 
Positive  eytt-plece.  600. 
rtouilUVt  galvanometer,  906, 
I'over  of  points,  electrical,  826. 
Power  of  steam,  714. 
Power,  adaptation  to  weight,  110. 
Power  and  weight,  106;  relation  of,  109. 
Press,  hydrostaUc,  190. 

Pressure,  atmospheric,  257 ;  centre  of;  197 ;  of 
liquid  in  motion,  228 ;  of  liquid  downward, 
191;  of  liquid  on  side  of  vend,  103;  of 
liquid  upon  containing  veswl,  214;  produced 
by  impact,  112;  transmitted  by  gases,  265; 
transmitted  by  liquids,  189;  varies  with 
8p.  Or,  198. 

Primary  colors,  460. 

Prime  seventh,  373. 

Princt  itupaft  drops,  179. 

Printing  telegraph,  926. 

I'risms  and  lenses,  438. 

Problems  on  acoustics,  page  289 ;  on  elasticity 
and  tenacity  of  solid-s,  pane  146;  on  eleo- 
trlcity  page  ti67 ;  on  gravilatloa,  page  73;  on 
heat,  page  606 ;  on  hydrodynnoiia,  page  199 ; 
on  laws  of  vibrations,  pnga  251 ;  on  theOfTof 
machinery,  page  107 ;  on  optics,  page  392; 
on  pneumatics,  page  234 ;  ou  weights,  mm- 
sures,  and  motion,  page  37. 

Production  of  waves.  319. 

I'roducts  of  combustion  and  respiration,  718. 

l^rogresaive  nndulations,  300;  in  liquids.  320. 

Properties  of  matter,  general  or  specific,  6; 
physical  or  rliemlcal,  8. 

Properties  of  liquid  and  solid  ga.«es,  €91 ;  of 
solar  spectrum,  4G0;  of  solids,  149. 

Propoi^iiitins  in  regiml  tn  forces.  42. 

l*roje<  tile^,  theory  and  laws  of,  1U3 

Proof  plane,  82:). 

Pulley,  compound,  120;  fixed,  IIS;  movable, 
119. 

Pumps,  289-20.1. 
Pyn>meterB,  5!>y. 

I'yronieter,  Dnnieiri,  6^4;  Prnpor's.  6S6:  Sax- 
ton's  reflec  ting.  5*<2;  Wjilg.-wocd's,  6b3. 
Pyronietrli-al  heating  effects,  762. 

Ql-AUTT  of  mu^ical  founds,  303. 
Quantity  and  intensity  offlectricify,  8C5. 
Quantity  of  heat  from  ft  iction,  736. 

R.ux.  PRO ;  snnual  depth  of,  9S3 ;  days  of,  982; 

Uixiribulion  of,  981. 
Radirint  bent,  intensity  of,  631 ;  parlblly  ab- 

sorbevi.  C30;  tranBmis.<sion  of,  641. 
Ilii  dint  lug  power  for  lient.  r'."8. 
Undiution,  of  cold.  €34 :  of  heat,  nnlTersal.  6C3 ; 

bw  of  cooling  by,  t^JJ;  terre^lriul,  745. 
Itadiiilorx.  stena>,  732. 
Itnilwny  illnmiunlion,  ^20. 
Kainbow.  630. 

L'amtdfii't  electrical  m.nobine.  b^o. 
K.inge  ofhumnn  vuice,  ii'JO. 
IJnysoflight,  401. 
Iteaclion  of  escnping  lifiuiiU.  217. 
Keaumur's  thermometer.  570. 
Itecoui^Kisition  of  white  light,  467. 
llecd  pipes,  381. 

Itegulators  of  electric  light,  884. 
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Rcflcrtlnjt  tvlescope,  601. 

KeHtfvttou  at  curved  imrfarM,  436;  by  plane 
mirrors,  418;  by  regolar  surfaoes,  415;  of 
rin-uUr  waves.  326;  of  light,  406;  of  sound, 
:<5-2:  ofwarei«,3J3. 

Reflertlve  power,  how  determined,  636. 

Refractory  bcidies.  6C0. 

IliffrnrtioD  at  curved  snrfacefl,  445.  446;  at 
regular  Hnrfat  M,  4:;8;  atmn^pheric  6^(8 ;  at 
plune  8urfao<>9,  439;  by  lensea,  447-451; 
by  plane  gla>«,  441 ;  by  prixms,  439;  of  heat, 
C4s;  of  li»;ht,  40ti;  of  peocila  of  light,  443; 
of  liound,  3d7. 

Refrigerators.  724. 

RtgniiulVt  czp<^rilncnt^  276. 

RegnauU  on  expauKion  of  ((a.««>s  by  beat,  607. 

Relation  of  bodies  to  liglit,  4u0;  of  power  to 
weiicht,  109;  of  spocifle  heat  and  atomic 
wHght,  654. 

Relative  value  of  fuel.  753. 

Rrpulxion,  146;  electrical.  812;  magnetic,  780. 

RepnUioc  ofliifbt  floating  bodleN  '^42. 

Repulsive  action  of  heated  snrlkce,  607. 

ReniNtance  of  columns,  171;  of  floids,  143; 
passive,  136. 

Rest,  absi'lute  and  relative.  25. 

Resultant  of  opposite  pamil**!  forces,  47;  of 
unequal  parallel  forces,  46. 

Results  of  Impact,  112. 

Revolving  mafinet,  014. 

Revolving  lights.  523. 

XeynUru  dynamometer,  37. 

Rheostat,  907. 

Riitiditv  of  ropes,  141 

Ritchiet  electrical  machine,  837. 

BoibtrU  oompensating  pendulum,  696. 

Ki-brrvari  balance,  115. 

Rods,  vibration  ot,  310. 

JRngfCa  oflciliHting  ppiral,  909. 

Rolling  friction.  139. 

R«>pes,  rljrfcllty  of.  142. 

Jtoat't  telempe,  603. 

KoUftcopo,  57. 

Rotation  of  electric  lixht  about  a  masniet,  036. 
Rotation  of  tlie  earth  demonstrated  by  the 

pendulum.  86. 
Rotations,  parallelogram  of,  66;  right-handed 

or  left-banded,  56. 
Rotary  polariution,  656;  magnetic,  660. 
Rotary  pump.  293. 
Jtousseau'$  hydrometer,  212. 
BukmkorfcnlU  033. 
Rule  for  pofiition  of  images,  436. 
J!um/onr $  photometer,  414 :  thermoscope,  587. 
JtuUier/onra  thermometer,  678. 

SAiGET'a  Uble  of  length  of  pcndolnm,  00. 

Hfttu  rated  s)i«ee,  COU. 

Saturation.  6tit. 

Sanrsart't  hygrometer,  973. 

Surarfs  toitthed  whe«>l.  Ml.  | 

iScix/rm'«d(H>p  fii>a  tbermutuetiT,  6S1 ;  reflecting 

pyrometer.  .^S2. 
Pcale  beam.  1I.V 

ii<  iniillatini;  tuU*.  852.  j 
Screens,  diatbermanic  power  of,  043. 
Srrvw.  127 ;  efflcieary  of,  128;  endless,  129. 
i>ea  lights  522. 
Seanona.  017. 

Secondary  axes,  430.  j 
Seconds  pendulum,  89 :  fbrmulae  fur,  00 ;  table  ' 
of  lengths  In  diOerent  laUtudrs,  90. 
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SelFregistering  thermometers,  678. 

Sennible  weight  varies  in  different  localities, 

93. 

Sensibility  of  the  ear,  378. 

t^eptum  required  for  osmoae,  246w 

Series  of  etw>tie  balls.  185. 

Seventli,  harmony  oC  873. 

Sextant,  IlHdiey'i«,  425. 

^hucli  traunwitted  by  elaftic  balls,  1S5. 

SiUiman'g  photometer,  414. 

Simple  microscope,  495. 

Simple  pendulum,  79. 

Simple  pendulum,  propositions  respecting,  82. 

Simple  vision  with  two  eyes,  482. 

Sireo,  360. 

Slldloj?  friction.  137. 

Smu's  battery,  871. 

Snnw,  084;  colored,  985;  limit  of  perpetual, 

Solar  microscope,  516. 

Solar  spectrum,  properties  of,  460. 

Solenc^,  910. 

Solid  eye-piece.  612. 

Solidification,  change  of  volume  by,  064. 

Solidification  liberates  heat,  663. 

Solidification  of  Ra8e^  theory,  688. 

SulidN  characteristics  of,  149;  condnctiblllty 
for  heat,  614;  expansion  of.  689;  struetim 
of,  150;  undulations  oi;  306;  unequal  ex* 
pension  of,  596. 

Solution,  661. 

Sonometer,  367. 

Sonorous  tubes,  379. 

Sonorous  waves,  length  of.  S70. 

Sound.  3:15;  diiitances  calculated  by,  346;  in 
all  elastic  bodies,  340;  interference  ot  349; 
not  instantaneous,  342;  not  propa^rated  la 
a  vacuum,  339;  propagated  by  warea,  337; 
reflected,  352;  refracted,  357;  velocity  in 
air.  344;  velocity  in  gases,  :i45;  velocity  in 
liquids.  317  ;  velocity  in  solids.  ^48. 

SouudK  of  birdK,  392 ;  of  insects,  392 ;  prodoeed 
by  animaK  302. 

Sf'Unding  bodies  vibrate,  336. 

.^urre  of  heat  iofln<>nring  diathermancy,  044. 

Sources  of  heat,  7:t4-;57. 

Sources  ofli^sbt,  309. 

Space  described  by  a  falling  body,  71. 

Spealcing  trumpet.  358. 

Specific  gravity.  2U9. 

Specific  gravii y  lioltle,  211. 

specific  gravity  by  balance,  210. 

specific  heat,  651. 

Specific  heat  and  atomic  Welsh t  related,  654. 
Specific  heat  determined  by  laws  ofacoustias, 

C63. 

Specific  heat  of  gases,  652. 
Specific  weight,  99. 
Spectrum.  4o6;  dark  lines  in,  461. 
Specula,  416. 

Spherical  aberration  of  lenwa,  454 ;  of  mirron, 

Spherical  mirrors,  426. 

SplivriHly,  aU-rratinn  of.  4.''>5. 

Spheroidal  state,  6U4 ;  cause  of,  COS ;  eauas  of 

explosions.  701;  Cimiliar  illustrationa,  702; 

remarltable  phenomena,  700. 
Spirit  level,  203. 
Spirit  thermometers,  676. 
Spring  balance.  37. 
Springs  intermittent.  280. 
SuUe  eqailibrinm.  207. 
Standard  thermometer,  5T7. 
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Starting  friction,  138. 
Statical  and  dynamical  foroei,  89. 
Statical  electricity,  8U9. 
SUtics  dvfinvd.  ao. 
Stationary  nndulationi.  302. 
Statlnnary  waves.  3*21. 

Steam  boiler,  713;  explosiona,  701;  Qold'«, 
733. 

Stvam  cylinder,  Papin's,  707. 
Steam,  elettricity  from,  830. 
Steam,  heat  latent  and  sensible  at  di.Terent 

teuiperntures,  (>83. 
Steam,  lil^h  pressure,  680. 
Steam,  latent  lieat  of,  682. 
Sti-am,  power  of.  7 14. 

Steam-engine.  703;  high  prewnre,  711;  low 
jpressure,  710;  Newcomcn's,  707;  Watt's, 

Steam-heaters,  732. 
Steam-power.  134. 
Steamboat,  the  first,  706. 
Stwelyard,  115. 
Stere,  18. 

Stereomonoseope,  526. 

Stereoscope,  b2h. 

Stotu't  ventllaltn^  shaft,  723. 

Storms,  general  laws,  071. 

Stream  niearurens  2'Jl. 

Strength,  animal,  130 ;  of  beami  and  tubes, 

172;  of  materials,  170;  of  men,  131. 
Structure  of  human  eye,  468. 
Structure  of  metals  changed,  180. 
Study  of  colons  402. 
Stuttering,  301. 
Submarine  telegraphs,  027. 
Substance  di^flned,  1. 
Suction  and  lifting  pump,  291. 
Suction  pum(>«,  '2W. 
Sulphate  of  copper  l«ttery,  872. 
Jjuu.  It  .«(vurcn  of  heat.  742;  influence  of,  948; 

qiiiititity  of  hent  from,  743. 
Surfiiri!  of  ilisthiirgiiig  luiuiii,  215. 
Syphon.  '2^5. 
Syplion  haroniftor.  207. 
System  of  forces.  44. 
Sy.«teiti  of  raafjn<'lio  o)>5erTat5on?,  798 
Sy8t<«m  of  whcfl:".  117. 
Syotems  of  crystals,  154. 

T.4BLKS,  Ascent  of  litiulJs  in  tubes.  239.  ^ 
Absnrptivo  jMiwer  for  heat  from  dif-  I 
furent  sources,  App.  tab.  IX. 
"      Absorptive  power  of  different  bodies,  | 

App.  tab.  VIII. 
"      Aquwius  vnpor  in  a  cubic  foot  of  sntu- 1 
rated  nlr  at  ilHTerent  temperatures  I 

App.  t!.b.  .\xr.  I 

"      Bnromotricr  column  at  rarious  alti- ! 
tiulfS.  ITi'i. 

"      B'lilin!;  point  of  liquM?,  App.  tab. 

WII.  I 
Boiling  point  of  wnter  at  different 

|>In<fs.  A|.p.  tub.  XVllI. 
"       Bollinn  j.oint  of  water  at  different 

pre.v«ure:«.  App.  t!»b.  XVI.  i 

"       Boiling;  point  of  wMer  iintler  1.  2,  3, 
kc  ,  almos.phere<>.  .\pp.  t.ib.  XIX. 

"       ColorK  of  tempered  &t(^l.  17S. 

"       CoHiparlKon  of  lh.*rmometers,  076. 

"      O'mpressibilltv  of  piRe«.  27fi.  | 

"      Compr<'.'..siMliry  of  liqui.ls,  ISS. 

"      Conductlngpowcrof  uietnlsandbulld- 1 
ing  materials  App.  tab.  Yll. 


Tables,  Decrease  of  temperataro  fram  fAtn- 

tion,  064. 
**      Degree  of  elasUdty,  183. 

Depreasioo  of  mercury  in  tabea,  838. 
"      Diathermancy  for  heat  from  dlffsrenk 

sources,  646. 
*'      Dikthermanry  of  difTerent  Uqoid^ 

App.  tab.  X. 
<'      Diathermancy  ofdifferentaalida,  Aim. 

tab.  .\H1. 
Klaxticity  of  metals.  161. 
"      Kzpansion  ofgastm,  607. 
"      Kxpan.«ion  of  gaaea,  App.  tab.  V. 
'*      Expansion  of  liquids,  App.  tab.  IT. 
"      ExpanMoD  of  mercury,  6tt8. 

Kxpansioo  of  solids.  App.  tab.  HL 
"      Force  required  to  heat  a  pound  of 

water  1"  F ,  761. 
"      Freezing  mixtures,  App.  tab.  XII. 

Frendi  decimal  mencares  and  weights 

changed  to  English  measures  and 

weights,  App.  tab.  IL 
"      Frequency  ot  different  winds,  065. 
"      Frequency  of  auroras,  99ti. 
«      Friction.  138. 
"      Hardness,  176. 
*<      Heat  of  combustion  in  air.  763. 
"      Heat  of  combustion  in  oxygen,  751. 
"      Hydrometer  degrees  and  spiedfic  gr*. 

Title.*,  App.  tab.  XXV. 
"      Hydroatatic    pressure  at 

depths,  106. 
"      Latent  and  sensible  heat  of 

App.  tab.  XXII. 
"      liaws  of  falling  bodies.  71. 

Limits  of  perpetual  snow,  965. 
<'      Liquefaction   and   solidification  of 

gaae!>,  App.  tab.  XX. 
"      Mi>HSure8  and  weights.  App.  tab.  I. 
'*      Melting  points  and  heat  of  fusion, 

App.  tab.  XV. 
"      Iliidiriling  nnd  abnorbent  power  of 

bodies  for  heal,  fC-S. 
"      Radiating  power.  App.  tab.  VI. 
"      Hetlectlon  of  light,  407. 
"      Specific  gravity  of  solids  and  liquidn, 

App.  t«b  XXII I. 
"       Specific  heat,  App  tab.  XI. 

Specific  hent  for  constant  pressure 

and  roust.int  volume.  663. 
'*      Strength  (  f  men  and  animals,  133.' 
'•      Strength  of  materials,  170. 
"      Temperature  in  different  latitudes, 

95.5. 

"      Tension  of  Tat^wirs,  App.  tab.  XIV. 
"       Velocity  of  wind!*,  yt) I. 

Volume  and  density  of  water,  App. 
tnb.  XXIV, 
Tele-mph.  U_M-9iS. 

Tele>'i'opo,  497;  aehnimatie,  504;  pqnntorial, 
fjOS;  CJalileo's  4'.>>< ;  l.orl  Kokso's,  .t<)3  :  re- 
lleclini:.  601 ;  .<ir  William  HerKcliel  s. 

Tclewpes  peiietiuling  p  twer,  .'(("7 ;  vi.^ual 
jwwer  of.  6')7. 

Ti'lef-tert>o.e(ipe.  [,'21. 

Tempc^r.  ITS. 

TemjuTJiment  in  musif,  ."7.>. 

Temponiture,  otit'i;  estimation  of  bi^h.  586; 
oxireme.i  of,  741;  mean,  050;  mnntlilr 
variations,  951;  of  vaporization,  672;  of 
Tegctablus,  757 ;  variations  in  altitude,  954 ; 
variations  in  latitude.  953. 

Tempered  steel,  colors,  178. 
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Tenacity  of  difllerent  nilMUnoM,  170. 
Tenacity,  law*  of,  170. 

Tennion,  252 ;  chant;w  denrity,  160;  maximum, 

of  Tspori,  669 ;  of  Tapora.  ttalton'i  law,  670 ; 

(if  TRpora  in  commuuieftting  veMols,  671. 
Terrestrial  attraction,  Ulreetion  o^  60;  point 

of  nppliration.  61. 
Terre»triiil  eye-piece,  600 ;  heat,  origin  of,  IW; 

ma^cnetiam,  787 ;  radiation,  7-15. 
TliAuuiatrope,  4^8. 

Theorem  of  Arclilmcdea,  206 ;  of  Torrieelli,  219. 

Thcoretiral  and  artual  flow,  216. 

TbeorieM  of  «ndo«mose,  2&1 ;  of  liglit,  398;  of 
liKbt  unwtisbctory,  405. 

Tlieory  defined,  3;  of  liquefaction  and  solidifi- 
cation of  gases,  688;  of  undulations,  2U0. 

'rbermocbroxy,  646. 

Thermo-electricity,  911. 

Therrao-electrie  motions,  941. 

Ttienuometers,  567 ;  air,  587 ;  Bregnet's  metal- 
lic. 580;  Centigrade,  570;  comparison  of 
scales  of,  571;  conrtrnction  of,  568;  defects 
in  mercurial,  676 ;  Fabrenlieit's,570;  gradu- 
ation of,  669;  bouse,  672;  Howard's  dilTei^ 
eiitial.  5H7;  Kiunersley's,  852;  Leslie's  dif- 
ferential, 687;  limits  of  mercurial,  674; 
metastatic,  579;  Negretti  A  Zambra's  msxl- 
mum,  678;  Reaumur's,  670;  itutberford's 
maximum  and  minimum,  578:  Saxton's 
deep  sea,  681;  selfrogistering,  578;  sensi- 
bility of;  672;  rpirit.  675;  standsnl,  577; 
te^t!j  of.  572;  Walfenlin's  maximum,  578. 

Thermomt* trie  wale*  compared,  571. 

Tliermo-mulUplier,  588,  942. 

Thermoscopeii,  587. 

Tiilorier  and  BianchCt  apparatiu,  C90. 
Three  states  of  matter,  15. 
Thunder.  989. 
Tbnnder-storms,  988. 
Hme  and  Telocity,  29. 
Time  required  fur  vision,  489. 
TiAUa'  mlid  eye-piece,  512. 
Tone,  363;  changed  by  echo,  355. 
Tomadoe*,  960. 

Torricellian  theorem,  219;  demonstrated,  220. 
Torricellian  Taraum,  261. 
Tonlon,  vUutirity  of,  165;  electrometer,  820: 

Uiws  of.  166;  of  rigid  bars.  167. 
Total  liy<lru<itatic  pressure,  196. 
Total  reflection,  409. 
Trains  of  wheelwork,  117. 
Tran^ponition  in  music.  374. 
TninsTerse  strength.  172. 
Tnben,  strength  of.  172.  I 
Tubular  bridges,  172. 
Tuning  fork,  377. 
Turbine  wheel,  231. 
TteiinMg'g  ice  machine.  6S1. 
Tjrlerian  electrical  machine,  837. 
Tympanum,  393. 

Vmbka,  411. 
Vodendiot  wheel,  230. 

Undulation  in  oceans,  Ac,  329;  of  elastic  I 
fluid*.  .130 ;  of  liquids.  319.  | 
Undulations  of  a  sphere  of  sir,  331 :  of  so]id^  I 
306 ;  origin  of,  299 :  pbaras  of;  304 ;  progres- 1 
*ive,  3uu;  prognMwlTe,  hi  liquids,  320;  sta-  < 
tlonary.  3trl  1 
Unifurm  motion.  90.  ! 
Uniform  musical  pitch,  page  668.  , 
Unison.  364.  I 
Unit  of  force.  .17.  I 


Unita  of  measure,  16. 

Universal  discharger.  851 ;  graTitatios,  law  o( 

59;  radiation  of  boat,  033. 
Unstable  equilibrium,  2U7. 
Upward  pressure  of  liquids,  192. 

Taccuh,  Torricellian,  261 ;  rapors  formed  In, 

U68. 

Value  of  fuel,  715. 

Value  ofg  in  pendulum  experiments,  89. 
Vaporization,  667. 

Vaporisation,  temperature,  and  limits,  672. 
Vapors,  2.V2;  and  gases,  idenUty  of,  688; 
density  of,  603;  formed  in  a  vacuum,  668; 
from  the  body,  719;  Latonr's  law,  602; 
liquefaction  of,  686;  maximum  tension,  669. 
Variable  motion,  31. 
Variation  chart.  789. 

Variations  of  barometric  height,  270;  of  mag* 

netie  needle,  788 ;  annual,  dsily,  790. 
Vegetables,  temperature  of,  757. 
Velocities,  actual  and  theoretical,  144;  pai^ 

allelogram  of;  34. 
Velocity  after  Impact,  184;  of  all  sounds  tha 
same,  343:  of  all  sounds  not  the  same,  page 
668;  of  aerial  waves,  332;  of  electridty, 
818;  of  light,  404;  of  rivers  and  streams, 
227 ;  of  sound  in  air,  344 ;  of  sonud  in  liquids^ 
347 ;  In  solidH,  348 ;  of  sonnd,  Newton's  lbt» 
inula,  653. 

Ventiliitlon,716-726:  apractirsl  problem. 722; 
uecesslly  of;  718;  quantity  of  air  required, 

720. 

Ventilating  shafl,  723. 
Ventilators,  725. 
Ventriloquism,  391. 

Verification  of  laws  of  falling  bodies,  72. 
Vernier,  266. 
Vibrating  armature,  931. 
Vibrating  dams,  386. 

Vibration  of  sir  in  tubes,  379,  384;  of  cords, 
308;  laws  of,  of  cord^  3u9:  of  rods,  310; 
of  membranes.  318 ;  of  plates,  312;  of  plate% 
laws  of.  315;  paths  of,  311. 
Vibrations,  '299;  fbrms  of,  3u7;  from  magnet- 
ism, 016 :  IsochFonous,  303 ,  of  different  notes, 
absolute,  360;  relative,  3C8;  of  heat  and 
light,  765 :  of  Ught,  direction,  641 ;  of  light, 
length  of,  531 ;  of  light,  transmission  o^  642; 
of  light,  resolution  o^  644. 
Victoria  tubular  bridge,  172. 
Virtual  focus.  429 ;  images,  434 ;  vclociUes,  105. 
Visible  bodies,  402. 

Vision.  4t*8 ;  condiUons  of.  475 ;  binocular,  484; 

double.  483;  single,  482. 
Visual  angle.  47*2. 

Viiiual  impriwions  require  time,  4K9. 
Visual  power  of  microscope,  513;  of  telescopei, 

6417. 

VlcusI  rajs  nearly  raralkl,  479. 
,  VU  vivs.  111. 
I  Vitality,  10. 
Vocal  apparatus  of  man,  388. 
Voice  and  speech.  387. 

Voice,  mechanism  of;  3S9;  range  of  koman, 

390. 

Volta-electrie  Induction.  929. 
Voltaic  anb.  heat  of.  886. 
Voltaic  batteries,  869-881;  elTecta  In  Tariou 

forms,  881. 
Voltaic  cirmit,  polarity  ot,  878. 
Voltaic  conple.  8C0. 
Voltaic  cunrcnta,  heat  ot  887. 
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Tdtale  iSmUkAij,  quatlty  ud  intniiity, 
86ft. 

TolUie  pile  or  Intteij*  864 ;  dMrnkid  flMorr, 
8M;  noaplng  rltinenta,  870;  phjtAad  ef- 
fects, 883:  ^yiiMafkal  effecti,  806;  mae- 
iMtie  tVreU,  895;  theory  of,  896. 

Yoltale  *|Mrk  and  arch,  883. 

Vnltabm  aod  galTanlMn,  861. 

V'dla't  contact  theoij,  863,  807. 

VnHa's  diaroTerr.  oriirin  ot,  8SL 

roUa'M  electrical  lamp,  856. 

Vnlta'M  pI  •«tmM»pe^  816. 

Vetta't  hnll  utorm,  842. 

Voltameter,  889. 

Volume  chnniced  hj  Klldlflcatioa,  Ml. 
Volnma  of  sua*,  608. 

WAtriSDnr's  thermometer,  578. 
Warming.  727. 

Watcbe(^  lialanee- wheels  o^  606. 
Water  bellowa,  195. 

Water,  effect  of  aneqnal  azpanslon,  664;  ex- 
panriim  of  604;  ftveaing  oL  665;  maximum 
densitj.  604;  Tulume  at  dithrent  tempera- 
turem  diu^ 

Water  pninpa.  2ft). 

Watenqmutn.  970. 

Watei^vheeU,  228. 

JVbtF$  eteam  engine,  709. 

Wavea,  depth  of,  822;  from  fhd  of  ellipie,  834 ; 
ftoffi  Ibenii  of  parabola,  325 ;  of  air  Telodtj 
and  tntenrity  of.  332;  of  eondeomtkm  lUna- 
trated,  331 ;  of  air  ezpamliug  freely,  334;  of 


air,  Intel  fcreiice  ot,  333;  of  eondeoHitlOB, 
830;  prodaetkm  oi;  319;  rafleetkm  of;  323; 
Btatkmarr,  321. 

Weather  hidlcated  1^  haromcter,  STl. 

Wedge,  125;  application  oi;  IIS. 

Writing  machine,  115. 

Weill,  artenUn,  904. 

Weight,  37. 97. 106;  dellnlUon  o(  58. 

Weights,  French  sjstem,  lOO. 

Weight,  rpedflc,  99. 

Weight  Tivies  in  dlfferant  loeaUtici!,  98. 
Wheel  and  axle,  116. 
Wheel  barometer,  2W. 

Wheel,  breast,  280;  orenhot,  SB»;  tvrUne^ 

231 ;  nnderdiot,  230. 
Wheelwork,  trams  oi;  117. 
Whiriwinds,  909. 
Whispering  gaUeries,  396. 
White  light,  eompoelUon  ot,  45T. 
Winds,  cyclones,  and  hnrrieaBes,  968. 
Winds,  freneral  eonslderailon  of;  0&7 ;  gemral 

direction  of;  965;  hot,  967 ;  pertodlcal.  9«3; 

propagation  of,  958;  regidar,  963;  Tarialdsb 

964;  Telocity  of,  961. 
Wi'tUulok't  camera  hidda,  518. 
Wood  oondoets  heat,  017. 

Yaw>,  17. 

Zamboxz  ft  !>■  Luc,  dry  pllee,  673. 

Zero  point  of  thermometar,  570 ;  dlrplaeaiiMBt 

of;  573. 
Sero^  abwlnte,  606. 
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